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of thestate,excludingtheRio Grande.Modelsfor sixriverbasinsareto becompletedby
December1999,andthe 16 otherscompletedby December2001. The WaterAvailability







The investigationdocumentedby thisreportconsistsof identifYing,developing,and
evaluatingalternativeapproachesforestimatingsequencesofmonthlynaturalizedstreamflowsat
ungagedsitesbasedonknownnaturalizedflowsatgagedlocations.Theultimateproductof the
studyis a recommendedsetof flowdistributionmethodologiesfor incorporationi totheWater
RightsAnalysisPackage(WRAP)model(Wurbs1999).Theobjectivesoftheinvestigationare:
· To analyzerelationshipsbetweenflowsITomdifferentsubwatershedsof riverbasinsand
thewatershedcharacteristicsgoverningtheserelationships
. To evaluatealternativemethodologiesandassociatedparametersfor transposingflows
ITomgagedtoungagedlocations

















· useof streamgagerecordsto developregressionequationsrelatingflowsto
watershedcharacteristics




Recommendationsregardingadoptionof asetofproceduresfor theTNRCC WaterAvailability
Modeling(WAM) systemarepresentedintheChapter7SummaryandConclusions.




period-of-analysisat the locationsof reservoirs,diversions,instreamflow
requirements,andotherpertinentsites




of reservoirsandhumanwateruse. Theprocessof estimatingmonthlynaturalizedstreamflows
consistsofthreephases:






This reportfocuseson thethirdphase,transferringnaturalizedflowstromgagedto ungaged
locations.












An illustrativehypotheticalriverbasinis showninFigure1.1. Naturalizedmonthlyflow
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FlowsatNumerousWaterRightsSites










allocationmodel. However,the two phasesare interconnected.One datamanagement
considerationis whetherto incorporatesomeof thenaturalizedflowdistributioncomputations
into the river/reservoir/rightssy temsimulationmodelor to developthe completeset of
naturalizedflowsindependentlyof themodel.Foroneof thelargerbasinswithseveralhundred
waterrightssites,a naturalizedflow databasemightincludeflowsat 20 to 30 streamgage
locationsandperhaps10to40otherkeylocations.Theflowsatseveralhundredotherlocations
would thenbe synthesizedfrom flows in the databaseduringexecutionof the WRAP
reservoir/river/rightssy temwaterallocationmodel.Thesizeof thenaturalizedflowdatabases





in Figure1.2. For the1,200rightsin theBrazosRiverBasin,whichincludestoragein 600
reservoirs,42percentof theannualdiversionvolumeand62percentof theconservationstorage
capacityareassociatedwith12reservoirsmanagedbytheBrazosRiverAuthorityandU.S.Army






percentof thetotaldiversionvolumeand93percentof thestoragecapacityin thebasin.The



















for anyparticularmonthin thepastis typicallynot importantas longasrelevantstatistical
characteristicsof thelong-termhistoricalnaturalizedflowsareadequatelycaptured.Achieving
accuracyin theflow-duration(flow-frequency)relationships particularlyimportant.Capturing





Figure1.1by applyinga drainagearearatioto theflowsatgagingstationD will resultin an
absolutecorrelation.In thecomputations,a low flow at stationD will alwaysresultin a


































Althoughthe publishedliteratureon watershedhydrologyis voluminous,thereis
remarkablyittlework reportedon thespecifictopicof developingsequencesof naturalized
monthlyflowsatungagedlocationsbaseduponcorrespondingflowsatgagingstations.Whilethe
mont~yflow distributionproblemof concernhereis not addressedirectly,thehydrology
literaturedoesfocusindepthonrelatedtopics uchas:















(1998),as well as thousandsof journalandconferencepapers,agencyreports,andother
references.However,theproblemof relatingmonthlyflowsequencesatungagedsitesto the


















wherethe dependent(response)variableY is expressedas a functionof independent
(explanatory)variablesXi. Theregressioncoefficients(a,b,c,d, ..., m,n)aredeterminedbased



















Flood flow predictionaccountsfor mostof thework reportedin the literaturein
developingregressionequationsrelatinghydrologicvariablestowatershedparameters.Jennings





with specifiedexceedanceprobabilitiesfor natural(unregulatedrural)watershedsin Texas.
Devulapalli(1995) providesregressionequationsfor flood volume-duration-trequency










flows were relatedto the followingwatershedparameters:drainagearea,meanannual
precipitation,andpercentofwatershedcoveredwithforest.Ganetal.(1991)concludethat:
"The transpositionof monthlystreamflawdatafrom a gaugedcatchmentto an
ungaugedcatchmentis a difficultexercise,wherebygreataccuracyis not to be
expectedTherelationshipbetweentheconcurrentstreamflawsof twohydrologically
similarcatchmentsisessentiallya linearone.It issufficientlyaccurateif expressedas








output. Simplifiedtechniquessuchastherationalformula,whichis widelyusedin drainage
















or loads,overtime,at thewatershedoutlet(or multiplesubwatershedoutlets)for specified





























































managementpractices.The resultof thesimulationof a subwatershedis a hydrographand
pollutographs.The modelpredictsflow rates,sedimentloads,and nutrientand pesticide
concentrations.Thesubwatershedrunoffcharacteristicsareth nusedby themodelto simulate











TheU.S. Departmentof Agriculture(USDA)AgriculturalResearchService(ARS) has
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precipitationdata. Precipitationmaybe eitherinputtedor developedby themodelas a Markov
processusinginputtedprobabilities.A watershedmaybedividedintoasmanyastensubwatersheds.
Thesoilprofilecanbedividedintoasmanyastenlayers.Thehydrologicomputationsarebasedon
thewaterbalance quation.TheNRCS curvenumbermethodis usedto computerunoffvolumes.
Sedimentyieldis determinedusingthemodifieduniversalsoil lossequationanda sedimentrouting
model.
The Simulatorfor WaterResourcesin RuralBasins-WaterQuality(SWRRB-WQ) was
developedbyaddingwaterqualitymodelingcapabilitiesto SWRRB. SWRRB-WQ simulatesweather,
hydrology,erosion,sedimentyield,nitrogenandphosphoruscyclingandmovement,pesticidefateand
movement,crop growthandmanagement,pondandreservoirmanagement,andotherprocesses.





















programshavebeenajointpartnershipof theARS andTABS. NaturalResourceConservation
Service(NRCS)personnelalsoparticipateintheresearchprogramsatthefacilityinTemple.




























Excel,QuattroPro, andLotus 1-2-3areamongthemostpopularof thenumerous
spreadsheet/graphics/databasepackagesavailableon themarket(Wurbs1995). Spreadsheet
programsare widely-used,polished,inexpensivecommercialproducts. They providethe
advantageof applyingthesamefamiliarsoftwareto manydifferentapplications.A particular


































aredescribedbelow. HECDSS andANNIE weredevelopedby theHydrologicEngineering
CenterandU.S.GeologicalSurvey,respectively.
HECDSS.- TheHydrologicEngineeringCenter(BEC)DataStorageSystem(DSS)isoneof














































binary,direct-accessfilewitha specifiedstructure,whichis calleda WatershedDataManagement
(WDM)file. TheWDM fileprovidesuserswitha commondatabasefor manyapplications,thus
eliminatingtheneedtoreformatdataITomoneapplicationtoanother.ANNIE and/ortheWRMfile
formatarecurrentlyusedwitha numberofUS. GeologicalSurveyandEnvironmentalProtection




___A __A U U_U U .U ......-------
ANNIE providescapabilitiestocreateaWatershedDataManagement(WDM)file,transport
datatoandfromtheWDM file,andadjustandmanipulatethedata.Thedatacanbetabulatedin



































In somecases,customizedGIS softwarehasbeendevelopedfora particulargovernmental
organizationrprivatecompanyanditsownparticularpplications.However,manygeneralizedGIS
16
._u __ __ - . --.---



















planning,cartography,transportation,research,telecommunications,oil and gas, forestry,
environmentalmanagement,hydrology,andmanyotherdisciplines. .

































HEC-PREPRO.- HEC-PREPROis a GIS preprocessorfor theUSACE Hydrologic
EngineeringCenter(HEC) HydrologicModelingSystem(HMS). The GIS preprocessorwas

















was designatedthe TNRIS. The TNRIS is an operationalsectionof the TexasWater
DevelopmentBoard.Itspoliciesandguidelinesaresetbyaninteragencytaskforcecomposedof
representativesfTom16of thestate'snaturalresourceagenciesandtheOfficeof theGovernor.
Fundingis providedbythelegislaturethroughtheTWDB. TNRIS is a clearinghousefordata





THE TNRIS web site (http://www.tnris.state.tx.us)providesinformationregarding
numerousdatabases.Severalof thedatabasesthatareparticularlypertinentto thetaskof
distributingnaturalizedstreamflowstromgagedto ungagedsitesarecitedas follows. These
databasesarecommonlyusedinconjunctionwithgeographicinformationsystems.
Watershedareascanbedeterminedby a GIS usingDigitalElevationModels(DEM)
developedbytheU.S.GeologicalSurvey(USGS). DEM datafilesaredigitalrepresentationsf
cartographicinformationi a rasterform. A gridof terrainelevationsareprovided.Thedata
filesareproducedbytheUSGS aspartof itsNationalMappingProgramandaresoldin 7.5-
minute,IS-minute,2-arc-second(alsoknownas30-minute),andI-degreeunits.Theextentof
availablecoverageofregionsoftheUnitedStatesvariesbetweenthedifferentscales.
LandUseandLandCover(LULC) dataarealsodevelopedbytheUSGS aspartof the
NationalMappingProgram.LULC datafilesdescribethevegetation,water,naturalsurface,and
culturalfeaturesof thelandsurface.TheLULC mappingprogramis designedso thatthe
standardtopographicmapsof ascaleI :250,000canbeusedforcompilationandorganizationof
thelanduseandlandcoverdata.LULC dataareavailablefor mostof thecontiguousUnited
StatesandHawaii.All LULC featuresaredelineatedbycurvedor straightlinesthatdepicthe




Thisrelationshipmaybedefinedbythelabeledareawithinthepolygonor outsideof it. Such
positionaldatacanbemanipulatedtomeetavarietyofuserneedsbyreprojectingthedataor re-
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Drainageareais a key parameterin essentiallyall techniquesfor estimatingdischarge
hydrographs,dailyormonthlyvolumes,peakflows,orotherflowcharacteristicsatungagedsites.
Drainageareais logicallyconsideredtobeaprimarywatershedcharacteristicobeincorporated
in methodsfor transposingmonthlynaturalizedflows fromgagedwatershedsto ungaged
subwatersheds.
OtherWatershedCharacteristicsGovernin2SurfaceRunotT
The watershedcharacteristicsgoverningthe hydrologicprocessesthat partition








- streamtributaryconfigurationa dchannels opes
Thetremendousamountof workreportedin theliteratureon thesubjectof watershed
modelingprovidesinsightintotherelevanceof variouswatershedcharacteristicsn estimating
streamflows.TheHydrologicEngineeringCenter'sHydrologicModelingSystem(HEC-HMS)
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CHAPTER 4
METHODS FOR DISTRIBUTING FLOWS
FROM GAGED TO UNGAGED SITES
Chapter1,page1includesalistofgeneralapproachesforestimatingmonthlynaturalized
streamflowsfor ungagedsubwatershedsbaseduponnaturalizedflowsatgagingstations.The




for distributingflowsITomgagedto ungagedsites. Thishasbeenthepredominantmethod








Jungaged - gage Agage
(4-1)
In Figure1.1,theflow eachmonthat site5 is estimatedasa functionof flowatgageD as
follows.
The flowsat site 12 couldbe estimatedsimilarlyas a functionof totalflowsat gageA.
Alternatively,theflowsatsite12couldbeestimatedasa functionof theincrementallocalflows
atgageA computedas
Qincremental= QA - QB - Qc
Aincremenatal= AA - Aa - Ac
(
AI2






















River Basin. The followingequationis presentedfor distributingstormrunoff to the
subwatershedsbetweengagingstations:
















Aj DDj CNj RDCj
(4-3)
whereSWRFjandSRFjaretherunofftromsubwatershedi andwatershedj, respectively;~and
Ai arethedrainageareasof subwatershedi andwatershedj; ddjandDDj aredrainagedensities;
cnjandCNj arehydrologicharacteristicnumbers;andrdcjandRDCj arerainfalldistribution
coefficientsfor ungagedsubwatershedi andgagedwatershedj. Thedrainagedensity(ddand





















SWRF, = SRFj(AJ CN,
A simple xercisewasperformedin conjunctionwiththepresentinvestigationto comparethis
equationwith theNRCS curvenumbermethod.The exponentCI wassetequalto one,
consistentwiththeNRCS equation,andanattemptwasmadeto determineavaluefor C3that




ungagedsites. Theadaptationof theNRCS curvenumberprovidesa nonlinearrelationship
betweenflowsatthedifferentsites.Thenonlinearityissignificant.
Theapproachpresentednextis consideredto bepreferableto theuseof Equation4-3
sincetheformoftheNRCSequationismorerealistic,andithasbeenusedinmanydifferenttypes
of applications.Theuseof drainagedensityratiosarenotincorporatedin theNRCS method.











if P < 0.2S
P andQ in inchesmustbemultipliedbythewatershedareato obtainvolumes.Thepotential
maximumretention,S in inches,representsanupperlimitontheamountof waterthatcanbe
abstractedby the watershedthroughsurfacestorage,infiltration,and other hydrologic
abstractions.For convenience,S is expressedin termsof a curvenumberCN, whichis a
dimensionlesswatershedparameterrangingfrom0 to 100. A CN of 100representsa limiting
conditionof a perfectlyimperviouswatershedwithzeroretentionandthusall the rainfall
becomingrunoff A CN of zeroconceptuallyrepresentsheotherextremewiththewatershed
abstractingallrainfallwithnorunoffregardlessoftherainfallamount.
ThewatershedparameterCNcanbedeterminedfromempiricalinformation,suchasthat










LandUseDescription A B C
D LandUseDescription Tretmentnr Prctice Condition A B C D
Fullydevelopedurbanareas'(vegetationestablished)
Conlnured:mdtelTaces Poor 66 74 80 82
Lawns.openspaces,paries.golfcourses,cemeteries.etc.
ConlouredandlelTces Good 62 71 78 81
Goodcondition;grasscoveron75%ormoreof thearea 39 61
74 110
Contourel!anI!lelTa<'es Poor 65 73 79 81
Faircondition;grasscoveron50%1075%of Ihearea 49 69
7'1 114
:mll\O,'n,,,"rv:lli,Intillngc Good 6] 70 77 80
poorcondition;grasscoveron50%or lesso( Ihearea 611 79 116
X'I SI1111 rain Slra'j!hlr.." Poor 65 76 84 88
PavedparkinglOIS,roofs,driveways,elc. 98
911 9K 'IX
Slra'j!hlr.." Gooo 63 75 83 87
StreetSandroads
Cnn'C:r\.lllIu,IIII:It!( Poor 64 75 83 86
Pavedwith curbsandstOrTnsewcrs 911 911 911 'IX
r...",,'r\:,IO..n101I,,!!e Good 60 72 80 84
Gravel 76 85 K'I '/I
Cnn1nurel! Poor 63 74 82 85
Dirt 72 82 K7 1\'1
Contuure,l Good 61 73 81 84
Pavedwithopenditches 83 89 92 'IJ
Conlnurel! ;1I11! Poor 62 73 81 84
cnnservalinnlilla!:!e Good 60 72 80 83
Average% impervious
ContouredanI!lelT;lCeS Poor 61 72 79 82
Commercialandbusinessareas 85 89 92 94 95
Conlllurel!anI!lelTaces Good 59 70 78 81
Industrialdistricts 72 81 88 91 93
ContouredanI!lelTaces Poor 60 71 78 81
Rowhouses.townhouses,andresidentialwithlotssizes 65 77 85 C}() 92
anI!conser\'a1iontillage Good 58 69 77 80
1/8acreor less
Close-seeded Sirail:!hlrow Poor 66 77 85 89
N Residential:averagelotsize
legumes Slrai!:!hlrnw Good 58 72 81 85
00 1/4acre
rottions Conlourel! Poor
38 61 75 83 117
64 75 83 85
1/3acre 30 57 72 81 86
meadows' Conlourel! Good 55 69 78 83
112acre 25 54 70 80 85
Cc,nlouredanI!telTaces Poor 63 73 80 83
I acre 20 51 68 79 84
Conlllurel!;ml!lerrJl'eS Good 51 67 76 80
2acre \2 46 65 77 82
Noncultivaledagriculturalland
Developingurbanareas'(novegetationestablished)
Paslureor range No mech:mi:lllrealment Poor 68 79 86 89
Newlygradedarea 77 86 91 94
No mechanicaltreatmenl Fair 49 69 79 84
Westerndeserturbanareas
No mech:micaltreatmenl Good 39 61 74 80
NalUraIdesertlandscaping(perviousareaonlyt 63 77 85 KK
Cuntourel! Poor 47 67 81 88
Artificialdesertlandscaping 96 96 96 96
Conlnuretl Fair 25 59 75 83
Conlourel! Good 6 35 70 79
CurveNumbersfor
Meadow - 30 58 71 78
HydrologicSoilGroup Forestland-grassor
Poor 55 73 82 86
Hydrologic orchords-<:vergreen
Fair 44 65 76 82
LandUseDescription TreatmentorPracticed Condition A B C D
deciduous Good 32 58 72 79
CultivatedagrlcullUralland
Brush Poor 48 67 77 83
Fallow Straightrowor baresoil 77 86 9\ 94
Fair 35 56 70 77
Conservationtillage
. Good 30 48 65 73
Poor 76 85 90 93 Woods
Conservationtillage Good 74 83 88 90
Poor 45 66 77 83
Rowcrops Straightrow Poor 72 81 88 91
Fair 36 60 73 79
Straightrow Good 67 78 8S K9
Good 2S 55 70 77
FrTnsteads
Conservationtillage Poor 71 80 87 90
- 59 74 82 86
Conservationtillage Good 64 75 82 85
Foresl.range
Contoured Poor 70 79 84 K8
Herbaceous Poor 80 87 93
Contoured Good 6S 7S 82 86
Fair 71 81 89
Contouredand Poor 69 78 83 87
Good 62 74 85
conservationtillage Good 64 74 8\ 85
Oak-aspen Poor 66 74 79
Fair 48 57 63
























ThecurvenumberCN methodatesbackto the1950'sandis basedonextensivefield
testsconductedby theSoil ConservationService(renamedNaturalResourceConservation
Service).The methodis describedby theSoil ConservationService(1985),a numberof
hydrologytextbooksincludingMcCuen(1998),andnumerousotherreferences.Ponceand
Hawkins(1996)reviewthe importantrole playedby the methodand its strengthsand
weaknesses.Thestandardreferencesallreproducethetablesof empiricalinformation,suchas
Table4.1,developedbytheNRCStofacilitatestimationof theCN asafunctionof watershed
characteristics.Thetechniqueiswidelyusedbywateragencies,consultingfirms,anduniversities
intheUnitedStatesandabroad.TheCNmethodhasbeenwidelyappliedlargelybecauseit is
easyto use,empiricalinformationi cludingsoilsandlandusedatabasesare availablefor
estimatingthesingleparameterCN, andit is supportedby a majorfederalagency.The CN
methodhasbeenwidelycriticizeduetoitsoversimplicity.
TheCN methodwasdevelopedto computethetotalrunoffvolumeQ giventhetotal
depthP for a rainstorm.Theoriginalmotivationi the1950'swasto developatechniquefor
evaluatingtheimpactofagriculturalctivitiesonrunoffvolumes.However,themethodhassince
beenappliedto a muchbroaderangeof urbanandagriculturalwatershedmodelingsituations
29
- --. --- --. --..- _.------ -- -- - -.-.-.
thanoriginallyenvisioned.TheHEC-l FloodHydrographPackageandHEC-HMS Hydrologic
ModelingSystemapplytheCN equationtoobtaintherunofftromeachsmalltimeincrementof
rainfallduringa rainfallevent(HydrologicEngineeringCenter1998). The Soil andWater







particularprecipitationdepthtendsto varygreatlybetweenstormevents.The CN number
method,like otherapproachesdiscussedhere,estimatesthemeanrunoffassociatedwitha
particularprecipitationdepthandmaybesignificantlyin errorfor a particularainfallevent.






moregagingstationsto anungagedsiteis anadaptationof theCN relationship.Therequired
dataconsistsof monthlynaturalizedflowsat thegagingstationanddrainageareasA and






Step1: Theflow at thegage,in acre-feet/month,is dividedbythedrainageareaAgageand
multipliedbyaunitconversionfactortoconverttoanequivalentdepthQgage ininches.
Step2: Qgage is inputtothecurvenumberequation(Equation4-4)toobtainPgagein inches.An




Step3: If thelong-term eanprecipitationvariesbetweenthewatershedandsubwatershed,the
precipitationdepthmayoptionallybeadjustedbymultiplyingPgagebytheratioofthelong-









Step4: Pungagedis inputintoEquation4-4to obtainQungagedin inches. Qungagedin inchesis
multipliedbyAungagedan aunitconversionfactortoconverttoflowinacre-feet/month.
Re2ressionofFlowsatGa2eswithWatershedParameters



























typicallydeterminedby spatiallyaveragingtherecordsof severalprecipitationgagesin the
31
watershedabovethestreamflowgage.Gagedprecipitationdepths,in inchesor millimeters,are
relatedto runoffvolumeasadepthequivalentin inchesormm. Standardregressiontechniques
maybeusedto expresstherelationshipasanequation.Theprecipitation-runoffrelationshipfor
gagedwatershedsi assumedto be applicableto otherungagedwatersheds.Precipitation
estimatesfor a subwatershedwithno streamgagearecombinedwiththeprecipitation-runoff
relationshipto obtaintherunoffdepthwhichis thencombinedwiththesubwatersheddrainage
areatoobtainthevolumeinacre-feetorotherunitsfortheungagedsite.
Mean Basin Water-Year Precipitation, mm
























therunoffportionof awaterbalancefor thestateof Texas.Thisstudyincludedconstructing
independentmodelsforanatmosphericwaterbalance,a soilwaterbalance,anda surfacewater
balance.Thesurfacewaterbalanceresultedingage-calibratedmapsof meanannualrunoffand










































mm, is developedusingrecordedstreamflowand rainfallmeasurementsfor numerous
watershedsthroughoutthestate.
. Recordedprecipitationatappropriategagesisspatiallyaveragedtoestimateheprecipitation








thegage. The differencebetweengagedandestimatedis treatedas a correctionto be
distributedbackthroughoutthesubareasofthewatershed.
Theuseof precipitation-runoffrelationshipsto distributeflowsfromgagedto ungaged



























2. Theriverbasinis dividedintosubbasinsto obtainflowsatall pertinentlocations.Initial
valuesfortheparametersareestimatedforallsubbasinsandstreamroutingreaches.
3. A calibrationstudyis performedin whichparametersareiterativelyadjusteduntilthe
computedflowsreasonablymatchtheobservedflowsatstreamgagingstations.















flowswill beapproximateandwill notmatchthealreadyknownnaturalizedflowsat thefive
gages.However,theflowsshouldrepresentspatialconsistencysuchthatheywouldbeadequate
fordevelopingrelationshipsbetweengagedandungagedlocations.For eachof the12ungaged
sites,theSWAT computedsequenceof montWyflowsfor thatsiteareregressedwiththe
correspondingflows at thenextdownstreamgage,usingstandardleastsquaresregression
techniques.Theregressionequationwilllikelybeoftheform
Qungaged = a + b Q~age
wherethecoefficientsa,b, andc aredeterminedbyapplyingleastsquaresregressionanalysisto
theSWAT outputandwill bedifferentfor eachsite. ThealreadyknownnaturalizedmontWy
flowsat thegage(notthosecomputedwithSWAT) arethensubstitutedintotheregression
equationfor Qgagcto obtainflows for theungagedsiteQungagcd.
34
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CHAPTER 5
ANALYSES OF NATURALIZEDFLOWS





theTexasportionof theSulphurRiverBasin.Theanalysespresentedin Chapters5 and6 have
beenextendedto includeseveralgagingstationsintheSulphurRiverBasinusingdatafromthe
TNRCC/Brandesstudy.
The relationshipsbetweenflowsfromdifferentsubwatershedsof a river basinare
investigated,andalternativemethodsfortransferringflowsaretested.Chapter5 describesthe






locationsis fundamentalto formulatingmethodsfor distributingflowsfromgagedto ungaged
sitesandevaluatingtheirvalidity.
The naturalizedflowsdescribedin Chapter5 areusedin Chapter6 in a comparative
evaluationof alternativeapproachesoutlinedin Chapter4 for transferringflows. Analyses
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Figure5.1BrazosandSanJacintoRiverBasins
TexasDepartmentofWaterResources(TDWR)Report244(Doughtery1980)describes
141streamgagingstationsin theBrazosRiverBasin. Most aremaintainedby theU.S.
GeologicalSurvey(USGS). Naturalizedmonthlyflowsatthe15USGS streamgagingstations
showninTable5.1andFigure5.2wereadoptedforthisstudy.The15stationsaredividedinto









gagedflowsto removetheeffectsof reservoirstorageanddiversionsfor beneficialuse. The
naturalizationprocessincludedadjustmentsfor about40 majorwatersupplyreservoirs,many
smallerstoragefacilities,over400SoilConservationServicefloodretardingdams,andnumerous






TexasA&M University(TAMU) foruseinthestudydocumentedbyWurbsetal. (1988).Wurbs
etat. (1988)developedanalternativesetof monthlyunregulatedflowsequencescoveringthe




















































Nearest USGS Drainage Mean Mean Portionof 1940-1976
Station Stream City Gage Area Flow Flow Coveredby
Number (mile2) (ac-ft/yr). (inches/yr) PeriodofRecord
LittleRiverSubbasin
1 LeonRiver Hasse 08099500 1,261 114,800 1.71 1940-1976
2 LeonRiver Belton 08102500 3,542 518,300 2.74 1940-1976
3 LampasasRiver Youngsport08104000 1,240 210,200 3.18 1940-1976
4 LampasasRiver Belton 08104100 1,321 261,200 3.71 Feb1963- Dee1976
5 N.ForkSanGabriel Georgetown08104700 248 69,600 5.26 Jul1968- Dee1976
6 SanGrabrielRiver Laneport 08105700 738 .189,600 4.82 Aug1965- Dee1976
7 LittleRiver Cameron 08106500 7,065 1,328,500 3.53 1940-1976
NavasotaSubbasin
8 NavasotaRiver Easterly 08110500 968 319,500 6.19 1940-1976
9 NavasotaRiver Bryan 08111000 1,454 391,000 5.04 Jan1951-Dee1976
Mainstream
10 BrazosRiver PaloPinto 08089000 23,810 861,500 0.68 1940-1976
11 BrazosRiver Aquilla 08093100 27,240 1,756,000 1.21 1940-1976
12 BrazosRiver Waco 08096500 29,570 1,934,000 1.23 1940-1976
13 BrazosRiver Bryan 08109000 39,520 4,007,000 1.90 1940-1976
14 BrazosRiver Hempstead08111500 43,880 5,344,000 2.28 1940-1976














































































































































































TAMU 1WC TAMU 1WC
Year ed Unre lated Naturalized Unre lated Naturalized
1940 7,758,910 7,410,388 7,851,618 95.5 101.2
1941 13,910,500 14,346,378 13,806,657 103.1 99.3
1942 8,296,710 8,505,618 8,517,257 102.5 102.7
1943 2,108,960 2,106,135 1,984,736 99.9 94.1
1944 8,600,480 8,878,290 8,901,381 103.2 103.5
1945 9,659,400 10,058,334 10,075,109 103.7 104.0
1946 8,227,090 8,886,366 8,406,103 108.0 102.8
1947 4,781,200 5,381,676 4,877,188 112.6 102.0
1948 1,697,900 1,892,009 1,873,102 111.4 110.3
1949 4,023,710 4,064,956 4,322,245 101.0 107.4
1950 3,670,770 4,426,907 3,960,416 121.0 107.9
1951 891,910 1,042,432 996,828 116.9 111.8
1952 1,446,990 1,648,562 1,612,838 112.4 110.0
1953 3,668,980 4,419,181 4,606,973 120.4 126.1
1954 1,127,660 1,418,617 1,362,354 126.0 121.0
1955 2,236,590 2,802,870 2,986,883 125.3 134.0
1956 960,020 842,231 898,582 88.0 93.6
1957 14,209,420 13,825,945 14,984,783 97.3 106.0
1958 5,756,700 5,909,958 5,932,483 103.1 103.1
1959 5,447,250 5,836,004 5,875,656 107.1 108.1
1960 6,857,140 7,110,624 7,158,404 104.1 104.4
1961 9,693,800 9,901,227 10,018,645 102.1 103.4
1962 2,941,700 3,590,161 3,381,734 122.0 115.1
1963 1,353,000 1,551,270 1,698,264 115.1 126.0
1964 1,659,280 2,057,165 2,209,970 124.1 133.2
1965 7,861,000 8,860,428 8,630,871 114.0 110.8
1966 5,822,080 6,331,361 6,412,548 108.4 110.1
1967 1,381,440 1,794,160 1,963,592 130.1 142.1
1968 10,009,900 11,030,169 11,074,102, 110.2 111.0
1969 5,524,730 6,285,600 6,405,007 114.1 116.0
1970 4,711,890 5,083,781 5,019,975 108.1 107.0
1971 2,073,450 3,420,179 3,342,931 165.1 161.2
1972 2,370,460 3,058,040 3,001,706 129.0 127.0
1973 8,566,400 9,078,366 9,113,881 106.1 106.4
1974 6,601,540 7,524,022 7,823,188 114.1 119.0
1975 7,084,590 7,093,489 7,280,038 100.1 103.1






TAMU TWC TAMU TWC
Year Gaged Unregulated Naturalized Unregulated Naturalized
1940 2,003,570 2,036,267 2,038,918 102.0 102.1
1941 4,965,660 5,732,670 5,700,425 115.4 115.1
1942 3,831,550 3,943,540 3,973,631 103.0 104.0
1943 738,920 500,669 512,290 68.1 69.3
1944 1,472,020 1,651,409 1,681,202 112.2 114.2
1945 2,835,030 3,075,364 3,103,807 109.1 110.1
1946 1,808,160 1,885,563 1,909,210 104.3 106.1
1947 1,361,740 1,338,830 1,349,068 98.3 99.1
1948 737,470 787,502 795,028 107.1 108.1
1949 1,540,300 1,647,823 1,707,407 107.1 111.0
1950 1,197,430 1,352,578 1,363,694 113.1 114.1
1951 610,680 582,360 589,597 95.4 97.0
1952 412,650 430,742 434,409 104.4 105.3
1953 432,510 1,224,589 1,232,289 283.1 285.0
1954 761,420 814,349 836,368 107.1 110.0
1955 1,424,510 1,798,487 1,864,593 126.3 131.1
1956 649,280 453,840 476,796 70.1 73.4
1957 6,151,850 6,657,818 6,726,271 108.2 109.3
1958 1,864,540 1,899,938 1,926,859 102.1 103.3
1959 1,572,870 1,832,874 1,871,637 117.0 119.1
1960 1,459,370 1,604,427 1,631,701 110.0 112.0
1961 2,639,660 2,783,641 2,830,387 105.5 107.2
1962 1,627,110 1,858,597 1,889,101 114.2 116.1
1963 670,760 684,175 750,999 102.1 112.1
1964 582,220 817,981 875,277 140.5 150.3
1965 1,680,290 2,192,212 2,227,415 130.5 133.1
1966 2,139,400 2,485,294 2,529,568 116.2 118.2
1967 626,760 863,368 921,764 138.1 147.1
1968 3,006,640 3,357,044 3,372,471 112.1 112.2
1969 1,936,150 2,492,019 2,524,598 129.0 130.4
1970 1,311,110 1,533,267 1,395,099 117.0 106.4
1971 1,042,860 2,092,884 1,864,536 201.1 179.1
1972 802,910 1,283,166 1,157,339 160.0 144.0
1973 1,911,350 2,122,328 2,076,896 111.0 109.1
1974 1,339,000 1,918,892 2,043,226 143.3 153.1
1975 1,721,810 1,816,234 1,898,435 105.5 110.3






TAMU TWC TAMU TWC
Year Ga ed Unre lated Naturalized Unre lated Naturalized
1940 2,054,350 2,054,350 2,054,956 100.0 100.0
1941 3,280,800 3,280,800 3,282,135 100.0 100.0
1942 2,150,180 2,150,180 2,154,788 100.0 100.2
1943 389,420 389,420 391,832 100.0 101.0
1944 2,584,280 2,584,280 2,589,675 100.0 100.2
1945 2,443,240 2,443,240 2,449,115 100.0 100.2
1946 1,689,000 1,689,000 1,693,990 100.0 100.3
1947 998,350 998,350 1,002,645 100.0 100.4
1948 261,030 261,030 266,762 100.0 102.2
1949 712,810 712,810 721,383 100.0 101.2
1950 363,350 363,350 367,954 100.0 101.3
1951 133,230 133,230 138,330 100.0 104.0
1952 327,952 327,952 333,429 100.0 102.1
1953 835,610 835,610 861,193 100.0 103.1
1954 73,087 92,731 98,454 127.1 135.0
1955 274,780 467,077 489,028 170.1 178.1
1956 216,220 216,685 232,191 100.2 107.4
1957 3,244,730 3,363,659 3,384,816 104.1 104.3
1958 1,614,040 1,635,853 1,645,774 101.4 102.1
1959 1,450,690 1,479,590 1,510,125 102.1 103.5
1960 1,740,640 1,764,633 1,778,414 101.4 102.2
1961 2,385,510 2,407,549 2,423,227 101.0 102.1
1962 547,420 586,013 605,643 107.0 111.0
1963 201,030 257,833 299,717 128.3 149.1
1964 647,770 711,644 757,591 110.1 117.1
1965 2,905,700 2,930,402 2,973,446 101.1 102.3
1966 1,331,540 1,366,925 1,409,473 103.1 106.1
1967 379,370 390,906 463,129 103.0 122.1
1968 2,284,140 2,609,875 2,673,668 114.3 117.1
1969 1,012,770 1,103,290 1,156,140 109.0 114.2
1970 1,424,410 1,464,031 1,513,251 103.1 106.2
1971 427,860 612,031 733,555 143.0 171.4
1972 378,960 455,173 502,654 120.1 132.6
1973 1,142,550 1,341,895 1,388,700 117.4 122.0
1974 1,188,100 1,460,675 1,534,861 123.0 129.2
1975 2,061,360 1,906,154 1,962,568 92.5 95.2







Year . Waco CameronBryan Richmond Year . Waco Cameron Bryan Richmond
1900 37.42 35.47 38.88 41.83 1946 26.32 35.86 29.39 30.89
1901 17.83 15.80 17.76 18.23 1947 21.82 20.66 22.58 23.58
1902 33.53 27.97 34.16 35.83 1948 16.70 21.99 18.47 18.72
1903 27.54 31.55 30.38 31.59 1949 29.10 32.57 30.06 31.57
1904 28.20 32.44 29.44 30.74 1950 24.12 25.17 24.37 24.68
1905 44.03 37.13 44.10 44.74 1951 18.50 22.91 19.67 20.41
1906 34.90 28.62 33.47 33.58 1952 18.25 24.60 20.73 21.72
1907 30.22 32.42 33.16 35.01 1953 21.03 30.75 24.33 25.32
1908 35.79 32.61 36.05 36.41 1954 15.97 16.19 16.24 16.45
1909 21.89 21.18 22.84 23.31 1955 22.90 28.08 24.76 25.11
1910 18.38 21.72 20.69 21.02 1956 12.35 17.70 13.99 14.44
1911 27.99 25.38 27.57 28.75 1957 36.65 46.15 39.88 40.40
1912 22.32 22.65 23.03 23.54 1958 25.00 32.22 27.28 27.87
1913 32.75 39.76 35.10 36'.25 1959 28.09 34.09 30.72 31.66
1914 36.42 35.04 36.70 37.69 1960 26.25 33.81 28.88 30.18
1915 31.67 27.00 31.51 31.92 1961 30.54 36.08 32.47 33.53
1916 23.09 25.38 23.94 24.36 1962 26.35 27.11 26.77 27.13
1917 14.86 15.03 15.35 15.51 1963 20.78 20.33 20.65 20.79
1918 23.46 23.21 24.29 24.76 1964 22.31 31.91 25.16 25.74
1919 39.70 44.58 41.81 44.02 1965 25.75 35.32 29.48 30.45
1920 32.91 35.70 34.00 35.01 1966 24.29 28.76 26.31 26.73
1921 21.06 25.36 23.81 25.53 1967 22.83 28.10 24.75 24.97.
1922 24.79 32.25 28.33 29.80 1968 29.41 39.97 32.93 34.24
1923 31.98 35.11 33.46 35.39 1969 31.49 29.49 31.30 31.56
1924 18.83 20.83 20.16 21.08 1970 19.14 28.66 21.98 22.89
1925 21.23 22.33 21.59 22.49 1971 27.61 31.27 29.04 29.28
1926 32.91 32.68 33.89 34.99 1972 25.70 24.86 25.88 26.38
1927 22.24 28.91 25.08 25.89 1973 28.72 33.78 31.56 32.19.
1928 22.79 26.15 24.04 24.69 1974 28.47 34.18 30.68 31.09
1929 22.44 26.88 24.47 i6.04 1975 24.49 28.67 26.18 26.59
1930 25.00 29.41 26.85 27.44 1976 26.09 33.43 28.90 28.61
1931 .23.74 31.49 25.67 26.20 1977 20.51 22.80 21.86 22.15
1932 33.96 37.80 35.31 35.43 1978 23.16 25.89 24.29 24.77
1933 21.07 25.00 22.32 23.01 1979 26.68 35.06 29.83 30.87
1934 16.47 23.75 19.47 20.94 1980 23.40 27.50 24.42 24.84
1935 31.15 36.33 33.49 34.58 1981 27.98 30.56 29.81 30.61
1936 25.67 3589 28.73 29.34 1982 27.63 28.61 28.26 28.64
1937 22.56 28.99 25.03 25.34 1983 22.52 23.81 23.93 24.51
1938 24.55 30.67 26.42 26.94 1984 24.52 27.21 26.11 26.45
1939 20.34 26.09 22.15 22.30
1940 25.87 41.81 30.81 31.87 1900-1984
1941 43.53 37.80 42.33 43.41 mean 25.89 29.64 27.58 28.37
1942 28.89 39.62 31.75 32.03 1940-1984
1943 17.10 21.53 18.85 19.81 mean 24.96 30.06 26.89 27.55
1944 29.08 38.15 32.89 33.64
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stationslistedin Table5.6. The stationnumbersadoptedhere(firstcolumnof Table5.6)
correspondto thewatershedi entifiersassignedbythe1983TDWR reportandcontrolpoints
































Nearest USGS Drainage Mean Mean Portionof 1940-1980
Station Stream City Gage Area Flow Flow Coveredby
Number (mile2) (ac-ftfyr) (inches/yr) PeriodofRecord
1 WestForkSanJacinto Conroe 8068000 809 370,000 8.6 1940-1980
2 SpringCreek Spring 8068520 419 158,000 7.1 1940-1980
3 CypressCreek Westfield 8069000 285 121,000 8.0 Jul1944- 1980
4 EastForkSanJacinto Cleveland 8070000 325 163,000 9.4 1940-1980
5 PeachCreek Splendora 8071000 117 55,200 8.8 Oct1943- 1980
6 CaneyCreek Splendora 8070500 105 55,600 9.9 Jan 1944- 1980
8 GreensBayou Houston 8076000 72.7 43,500 11.2 Oct1952-1980
9 BuffaloBayou Addicks 8073500 293 163,000 10.4 Aug1945- 1980
10 BuffaloBayou Houston 8074000 358 216,000 11.3 1940-1980
11 WhiteBayou Houston 8074500 84.7 59,900 13.3 1940-1980
12 BraysBayou Houston 8075000 88.4 88,100 18.7 1940-1980




Nearest USGS Drainage Mean Mean Portionof 1940-1996
Station Stream City Gage Area Flow Flow Coveredby
Number (mile2) (ac-ftlyr) (inches/yr) PeriodofRecord
A SouthSulphurRiver Cooper 7342500 541 320,670 11.1 Jun 1942-Sep1991
B NorthSulphurRiver Cooper 7343000 311 175,270 10.6 Oct1949-Dec1996
C SulphurRiver Talco 7343200 1,380 952,520 12.9 Oct1956-Dec1996
D WhiteOakCreek Talco 7343500 546 387,050 13.3 Ian 1940-Nov1949
E SulphurRiver Darden 7344000 2,850 1,983,620 13.1 Ian 1940-Dec1956
N
i









. Stations1-7on theLittleRiverandits Tributaries:Stations1 through6 arelocatedon






BrazosRiver. Eachof thestationsonthemain-stemBrazosRiveris alsopairedwiththe
adjacentstationlocatedimmediatelyupstream.
Theportionof the1940-1976periodcoveredbytheperiod-of-recordat eachgaging
stationis showninTable5.1. In theoriginaldevelopmentofthesequencesofnaturalizedflows,
theTexasDepartmentof WaterResources(1981)extendedrecordsasnecessaryto coverthe
period1940-1976by regressiontechniquesusingflowsat othergageswithcompletelonger



























. comparsionofflowsatstationsA andB withstationC
. comparisonofflowsatstationD withstationE
. comparisonofflowsatstationsB withstationA
StationC isdownstreamofstationsA andB. StationD isupstreamofstationE. StationsA and
B areattheoutletsofadjacentsubwatersheds.Theportionsoftheperiod1940-1996coveredby
thegagerecordat eachstationareshownin Table5.7. Again,onlyflowsfor thecommon














































Station9 is locatedabovestationlOon thesamestream.Thesearetheonlytwostationsinthe
SanJacintoBasinlocatedonthesametributary.
ConcurrentMonthlvFlowsatPairs of Stationsin theSulohurRiverBasin
TheflowsatA andB arecomparedwithC andtheflowatD is comparedwithE in
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Figure5.50.Station5vs Station4 Figure5.51.Station6vs Station5
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wherem is theslopeandb is they intercept.For ourpurposes,x denotestheflowsat a




Sr =i: (~_~)2=i:[(~-(mXl +b)]21_1 I_I (5-2)























resultsarepresentedin Tables5.11-5.13and5.18-5.20.Chapter6 includesananalysisof the
relationshipbetweenconstantmandwatershedparameters.









Station r r Sylx n b m
1vs.7 0.658 0.434 15723 444 294 0.084
2vs.7 0.936 0.876 26659 444 -4504 0.431
3vs.7 0.941 0.885 10614 444 -2338 0.179
4vs.7 0.913 0.834 15341 168 -2991 0.223
5vs.7 0.847 0.717 3522 96 519 0.050
6vs.7 0.859 0.739 10075 132 989 0.133
8vs.9 0.994 0.989 5158 312 -1061 0.834
1vs.2 0.783 0.613 13003 444 226 0.216
3vs.4 0.949 0.900 9199 168 275 0.734




Station r r Sylx n b m
1vs.7 0.658 0.434 0.234 444 0.004 0.469
2vs.7 0.936 0.876 0.141 444 -0.024 0.858
3vs.7 0.941 0.885 0.161 444 -0.035 1.020
4vs.7 0.913 0.834 0.218 168 -0.042 1.189
5vs.7 0.847 0.717 0.266 96 0.039 1.425
6vs.7 0.859 0.739 0.256 132 0.025 1.275
8vs.9 0.994 0.989 0.100 312 -0.021 1.252
1vs.2 0.783 0.613 0.193 444 0.003 0.607
3vs.4 0.949 0.900 0.139 168 0.004 0.782




Stations r r Sylx n b m
10-15 0.627 0.380 117078 444 -38. 0.149
11-15 0.814 0.663 143837 444 -12346 0.328
12-15 0.850 0.723 140424 444 -16895 0.369
13-15 0.952 0.907 143591 444 -20127 0.728
14-15 0.993 0.986 68485 444 -7732 0.937
11-12 0.906 0.822 62786 444 -7549 0.544
12-13 1.000 0.980 35453 444 -2136 0.919
13-14 0.924 0.854 101949 444 -12551 0.525





Stations r r Sylx n b m
1vs.7 0.658 0.433 15707 444 0 0.085
2vs.7 0.934 0.873 26890 444 0 0.418
3vs.7 0.939 0.881 10778 444 0 0.173
4vs.7 0.911 0.829 15486 168 0 0.213
5vs.7 0.844 0.713 3524 96 0 0.052
6vs.7 0.859 0.737 10064 132 0 0.137
8vs.9 0.994 0.988 5232 312 0 0.826
1vs.2 0.783 0.612 12990 444 0 0.218
3vs.4 0.949 0.900 9174 168 0 0.738




Station r r S x n b m
1vs.7 0.658 0.433 0.234 444 0 0.473
2vs.7 0.934 0.873 0.142 444 0 0.833
3vs.7 0.939 0.881 0.163 444 0 0.982
4vs.7 0.911 0.829 0.220 168 0 1.139
5vs.7 0.844 0.713 0.266 96 0 1.492
6vs.7 0.859 0.737 0.256 132 0 1.312
8vs.9 0.994 0.988 0.101 312 0 1.240
1vs.2 0.783 0.612 0.193 444 0 0.611
3vs.4 0.949 0.900 0.139 168 0 0.786




Stations r r Sylx n b m
10-15 0.617 0.380 116946 444 0 0.149
11-15 0.813 0.662 144003 444 0 0.318
12-15 0.849 0.721 140893 444 0 0.356
13-15 0.952 0.906 144299 444 0 0.712
14-15 0.993 0.986 68677 444 0 0.930
11-12 0.905 0.820 63051 444 0 0.531
12-13 1.000 0.979 35460 444 0 0.916
13-14 0.923 0.853 102349 444 0 0.512




for Flows atEachStationasaFunctionof CombinedFlows(acre-ftlmonth)
Station r S x n b m
4 .9273 .8599 56515 492 27173 6.491
5 .8636 .7458 76144 492 22759 20.18
6 .9141 .8356 61223 492 10435 22.68
1 .9411 .8856 51076 492 22565 3.014
2 .9470 .8968 15949 492 -3102 0.2939
3 .9398 .8832 51601 492 28201 8.656
8 .7924 .6279 92120 492 37993 21.40
11 .8248 .6804 85379 492 16500 19.83
10 .8319 .6920 83807 492 14658 5.602
9 .8287 .6867 84527 492 22556 6.842
12 .7332 .5376 102689 492 19829 13.03
13 .7033 .4946 107358 492 36695 17.35
Table5.15 LinearRegressionCoefficientsfortheSanJacintoBasinStations
for Flows atEachStationasaFunctionof CombinedFlows(inches/month)
Station r S x n b m
4 .9273 .8599 .3885 492 .1868 .7734
5 .8636 .7458 .5234 492 .1564 .8654
6 .9141 .8356 .4208 492 .0717 .8731
1 .9411 .8856 .3511 492 .1551 .8938
2 .9470 .8968 .3334 492 .2149 .9778
3 .9398 .8832 .3547 492 .1938 .9044
8 .7924 .6279 .6332 492 .2611 .5704
11 .8248 .6804 .5869 492 .1134 .6156
10 .8319 .6920 .5760 492 .1008 .7352
9 .8287 .6867 .5810 492 .1550 .7349
12 .7332 .5376 .7058 492 .1363 .4222
13 .7033 .4946 .7379 492 .2522 .4070
Table5.16 LinearRegressionCoefficientsfor theSanJacintoBasinStations
for FlowsfromAdjacentSubwatersheds(acre-ftlmonth)
Stations r r S x n b m
4-5 .8955 .8020 2844 456 761 .2872
5-6 .8509 .7240 3024 444 1063 .7580
6-1 .8831 .7799 20621 444 -367 6.744
1-2 .9120 .8318 9214 492 -166 .4345
2-3 .9264 .8582 5889 444 1118 .6882
3-8 .7778 .6050 29096 348 1057 .2490
8-11 .9000 .8099 2278 348 1340 1.016
11-10 .8540 .7293 11667 492 2781 3.049
9-10 .9897 .9796 3103 432 1096 1.266
10-12 .7661 .5869 5462 492 2117 .2903




Stations r r2 S x n b m
4-5 .8955 .8020 .4558 456 .1220 .7980
5-6 .8509 .7240 .5400 444 .1898 .8446
6-1 .8831 .7799 .4779 444 -.0085 .8753
1-2 .9120 .8318 .4123 492 -.0074 .8389
2-3 .9264 .8582 .3875 444 .0736 1.012
3-8 .7778 .6050 .7503 348 .2727 .9760
8-11 .9000 .8099 .5043 348 .2966 .8719
11-10 .8540 .7293 .6111 492 .1457 .7212
9-10 .9897 .9796 .1625 432 .0574 1.036
10-12 .7661 .5869 1.16 492 .4491 1.176
12-13 .9189 .8444 .6613 348 -.0997 .9137
Table5.18 Zero-InterceptLinearRegressionCoefficientsfor SanJacintoBasinStations
for Flowsfor EachStationasaFunctionof CombinedFlows(acre-feet/month)
Stations r S x n b m
4 .9252 .8561 8176 492 0 .1271
5 .8626 .7441 3266 492 0 .0380
6 .9128 .8332 2483 492 0 .0380
1 .9396 .8829 16122 492 0 .2839
2 .9409 .8852 7603 492 0 .1311
3 .9362 .8764 5757 492 0 .0966
8 .7917 .6268 3412 492 0 .0301
11 .8145 .6633 3641 492 0 .0376
10 .8213 .6745 12782 492 0 .1355
9 .8241 .6792 10350 492 0 .1068
12 .6924 .4794 6125 492 0 .0495
13 .6843 .4682 4460 492 0 .0325
Table5.19 Zero-InterceptLinearRegressionCoefficientsfor SanJacintoBasinStations
for Flows for EachStationasaFunctionof CombinedFlows(inches/month)
Station r S x n b m
4 .9252 .8561 .4718 492 0 1.066
5 .8626 .7441 .5234 492 0 .8863
6 .9128 .8332 .4434 492 0 .9885
1 .9396 .8829 .3737 492 0 .9574
2 .9409 .8852 .3402 492 0 .8538
3 .9362 .8764 .3788 492 0 .9245
8 .7917 .6268 .8801 492 0 1.129
11 .8145 .6633 .8061 492 0 1.211
10 .8213 .6745 .6694 492 0 1.032
9 .8241 .6792 .6623 492 0 .9940
12 .6924 .4794 1.299 492 0 1.528























Station r r2 Sylx n b m
4-5 .8881 .7887 2968 492 0 .2884
5-6 .8538 .7290 3165 492 0 .8778
6-1 .9014 .8124 20401 492 0 6.866
1-2 .9120 .8317 9206 492 0 .4329
2-3 .9381 .8801 5673 492 0 .7055
3-8 .7297 .5324 3819 492 0 .2835
8-11 .9365 .8770 2201 492 0 1.159
11-10 .8485 .7199 11857 492 0 3.265
9-10 .9862 .9726 3709 492 0 1.252
10-12 .7410 .5491 5700 492 0 .3365
12-13 .9691 .9391 1434 492 0 .6622
. Flowsatstations1,2,3,4, 5,and6 intheLittleRiverwatershedareexpressedasaratioof
thecorrespondingflowsattheCamerongageontheLittleRiver(station7).
. Flowsatstation8areexpressedasaratioofflowsatstation9ontheNavasotaRiver.








determinedastheadditionof theflowsatall stationsexceptstation9, whichis upstreamof
station10.
Theratiosof annualflows,in acre-feet/acre-feet,aretabulatedin Tables5.21and5.22.
The ratiosof annualflows,in inches/inches,aretabulatedin Tables5.23and5.24. The
correspondingtablesfor montWyflowshavebeendevelopedbutarenot reproducedin this
report.ThevaluesforC foreachmonthoryearateachstationarecomputedas:
C = flowratio = subwatershedQ
watershedQ
In general,theflowratio(valueofC)variesgreatlybetweenmonths.Thus,thereisnota




at thestation,in inches,dividedbytheannualflows,in inches,at thespecifiedownstream
station.Aninchrepresentsavolumequivalenttocoveringthewatershedtoadepthofoneinch.





The basic conceptis to evaluatecapabilitiesfor predictingflows at individual
subwatershedsQ ubwatershedtromknownflowstromthelargerwatershedQwatershedbasedon a
relationshipoftheform:
Qsubwatershed= C Qwatershed (5-8)
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As discussedin Chapter6, theconstantC couldbe estimatedas a functionof watershed
characteristicssuchasdrainageareaA, meanprecipitationM, curvenumberCN, andother
parameters.TheBrazosandSanJacintoBasinstationsserveasatestcase.
Theanalysesindicatethatthereactuallyisnotauniformproportionalitybetweenlocations
for monthlyflowsforthecasestudydata.The ucoefficientC" variesgreatlybetweenmonths.
Thus,forthesedata,theflowsforanindividualmonthcannotbepredictedreliablyregardlessof
















Tables5.25.5.26,and5.27.A valueof 1.0fortheflowratioin inches/inchesinthelastcolumn
of Tables5.25,5.26,and5.27wouldindicatethatthemeanflowsvarybetweenthetwostations
inthesameproportionastheirdrainageareas.
Eachof the 12 stationsin theSanJacintoBasinis pairedwiththecombinedtotal
watershed.Theratiosofdrainageareasforpairsofstationsarecomparedwiththecorresponding
ratiosof theperiod-of-analysismeanflows,in acre-feetlacre-feet,in Table5.28. Table5.28
includesall of thepairsof stationsincludedin Tables5.25,5.26,and5.27plusseveralother
stationpairings. Table5.28alsoincludesthedrainagearearatio (DAR) expressedas a
percentageof theflowratio(FR),whichis computedas(DAR/FR)100%.For example,the
drainageareaabovestation3is0.176ofthedrainageareaofstation7(stations3/7DAR=0.176).
The correspondingratio of meanflows is 0.158. Thus,the DAR/FR is 111 percent
[«0.0176/0.158)100%=111%] Thus,predictingstation3flowsbyapplyingaDAR tothestation
7 flowsresultsinpredictedflowswithameanof III percentofthemeanof theknownflowsat






Table5.21 AnnualFlow Ratiosfor StationsintheBrazosRiverBasin
in acre-feet/acre-feet
Station/Station
Year 1/7 2/7 3/7 4/7 5/7 6/7 8/9 10/15 11/15 12/15 1311514/15
1940 0.051 0.290 0.139 - - - 0.7710.118 0.224 0.260 0.632 0.916
1941 0.122 0.467 0.171 - - - 0.8060.260 0.405 0.413 0.746 0.882
1942 0.160 0.574 0.148 - - - 0.7920.168 0.426 0.467 0.810 0.955
1943 0.091 0.378 0.117 - - - 0.8080.116 0.275 0.258 0.664 0.876
1944 0.039 0.418 0.228 - - - 0.788 0.042 0.135 0.189 0.676 0.949
1945 0.061 0.457 0.217 - - - 0.7910.062 0.246 0.308 0.698 0.965
1946 0.052 0.371 0.109 - - - 0.7990.086 0.212 0.227 0.602 0.935
1947 0.037 0.313 0.126 - - - 0.792 0.143 0.245 0.277 0.606 0.941
1948 0.085 0.418 0.170 - - - 0.802 0.198 0.468 0.424 0.678 0.900
1949 0.258 0.440 0.124 - - - 0.757 0.183 0.379 0.395 0.625 0.977
1950 0.163 0.419 0.083 - - - 0.783 0.198 0.350 0.344 0.543 0.938
1951 0.165 0.381 0.104 - - - 0.6110.365 0.571 0.595 0.818 0.944
1952 0.194 0.409 0.246 - - - 0.848 0.043 0.228 0.271 0.595 0.892
1953 0.045 0.292 0.133 - - - 0.797 0.172 0.219 0.270 0.633 0.948
1954 0.257 0.248 0.304 - - - 0.726 0.478 0.576 0.614 0.757 0.924
1955 0.180 0.428 0.235 - - - 0.624 0.517 0.636 0.624 0.879 0.982
1956 0.472 0.744 0.204 - - - 0.815 0.171 0.513 0.518 0.866 1.019
1957 0.098 0.411 0.146 - - - 0.824 0.246 0.432 0.449 0.786 0.931
1958 0.047 0.321 0.166 - - - 0.7670.1230.301 0.325 0.745 0.934
1959 0.088 0.415 0.175 - - - 0.782 0.120 0.310 0.319 0.685 0.911
1960 0.029 0.298 0.189 - - - 0.730 0.104 0.206 0.228 0.640 0.880
1961 0.041 0.418 0.161 - - - 0.7950.093 0.250 0.283 0.630 0.856
1962 0.222 0.335 0.122 - - - 0.7360.328 0.506 0.559 0.793 0.932
1963 0.317 0.478 0.091 0.114 - - 0.429 0.345 0.449 0.536 0.694 0.941
1964 0.192 0.608 0.102 0.115 - - 0.6300.141 0.375 0.398 0.769 0.944
1965 0.049 0.374 0.162 0.185 - - 0.848 0.088 0.213 0.258 0.753 0.939
1966 0.073 0.345 0.147 0.172 - 0.151 0.809 0.190 0.343 0.395 0.754 0.922
1967 0.165 0.339 0.050 0.077 - 0.1760.883 0.271 0.402 0.469 0.883 0.951
1968 0.123 0.401 0.145 0.252 - 0.110 0.832 0.088 0.267 0.305 0.658 0.943
1969 0.139 0.333 0.146 0.201 0.057 0.147 0.771 0.178 0.350 0.394 0.672 0.929
1970 0.076 0.379 0.203 0.246 0.047 0.120 0.821 0.071 0.256 0.279 0.705 0.923
1971 0.107 0.603 0.106 0.177 0.024 0.069 0.791 0.258 0.529 0.558 0.877 0.970
1972 0.061 0.329 0.152 0.217 0.048 0.137 0.771 0.244 0.370 0.386 0.667 0.818
1973 0.065 0.271 0.106 0.145 0.068 0.184 0.812 0.049 0.179 0.228 0.542 0.870
1974 0.048 0.327 0.173 0.265 0.047 0.128 0.778 0.121 0.231 0.261 0.603 0.882
1975 0.033 0.293 0.160 0.177 0.062 0.173 0.803 0.089 0.222 0.261 0.658 0.892
1976 0.031 0.264 0.130 0.181 0.067 0.178 0.858 0.072 0.188 0.229 0.652 0.921
Mean 0.120 0.394 0.163 0.068 0.053 0.143 0.791 0.149 0.303 0.334 0.690 0.921
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Table5.22 AnnualFlow Ratiosfor StationsintheSanJacintoRiverBasinin acre-feet/acre-feet
Station/Station
Year lIC 2/C 3/C 4/C 5/C 6/C 8/C 9/C 9/10 lO/C ll/C 12/C 13/C
1940 0.366 0.143 0.096 0.161 0.039 0.048 0.013 0.071 0.862 0.082 0.018 0.040 0.013
1941 0.246 0.132 0.090 0.121 0.035 0.037 0.037 0.144 0.861 0.167 0.047 0.053 0.035
1942 0.268 0.107 0.069 0.157 0.051 0.052 0.032 0.107 0.780 0.137 0.043 0.024 0.031
1943 0.198 0.106 0.071 0.094 0.034 0.030 0.057 0.118 0.730 0.161 0.075 0.018 0.070
1944 0.266 0.113 0.086 0.089 0.036 0.038 0.043 0.165 0.863 0.191 0.053 0.034 0.034
1945 0.299 0.135 0.096 0.124 0.035 0.038 0.026 0.130 0.828 0.157 0.034 0.047 0.021
1946 0.265 0.134 0.101 0.129 0.042 0.039 0.035 0.107 0.765 0.140 0.042 0.061 0.029
1947 0.278 0.121 0.090 0.128 0.051 0.043 0.023 0.121 0.799 0.151 0.034 0.022 0.029
1948 0.366 0.105 0.031 0.126 0.070 0.058 0.013 0.076 0.768 0.099 0.030 0.007 0.035
1949 0.198 0.101 0.098 0.144 0.075 0.047 0.037 0.115 0.770 0.149 0.046 0.032 0.041
1950 0.325 0.147 0.084 0.141 0.055 0.047 0.021 0.061 0.715 0.086 0.031 0.028 0.023
1951 0.225 0.098 0.067 0.129 0.084 0.078 0.017 0.096 0.625 0.154 0.042 0.003 0.037
1952 0.277 0.117 0.116 0.111 0.043 0.046 0.018 0.129 0.751 0.172 0.034 0.011 0.024
1953 0.282 0.110 0.100 0.126 0.042 0.030 0.021 0.134 0.809 0.166 0.034 0.022 0.034
1954 0.207 0.077 0.104 0.097 0.044 0.046 0.063 0.183 0.799 0.229 0.063 0.007 0.023
1955 0.302 0.080 0.056 0.145 0.041 0.046 0.023 0.113 0.690 0.164 0.038 0.008 0.040
1956 0.275 0.051 0.037 0.125 0.051 0.067 0.022 0.117 0.647 0.180 0.048 0.003 0.043
1957 0.337 0.080 0.066 0.143 0.031 0.033 0.020 0.123 0.775 0.159 0.038 0.025 0.046
1958 0.330 0.124 0.079 0.133 0.049 0.044 0.017 0.081 0.696 0.116 0.030 0.016 0.032
1959 0.260 0.098 0.075 0.106 0.030 0.036 0.031 0.121 0.725 0.167 0.057 0.027 0.067
1960 0.303 0.131 0.105 0.105 0.032 0.041 0.021 0.119 0.739 0.160 0.033 0.044 0.028
1961 0.240 0.130 0.085 0.106 0.047 0.040 0.041 0.131 0.729 0.180 0.048 0.042 0.033
1962 0.249 0.060 0.034 0.132 0.044 0.057 0.034 0.134 0.669 0.200 0.052 0.011 0.042
1963 0.253 0.067 0.040 0.123 0.036 0.053 0.030 0.119 0.642 0.185 0.051 0.010 0.055
1964 0.290 0.056 0.061 0.149 0.038 0.052 0.045 0.120 0.748 0.160 0.040 0.013 0.044
1965 0.400 0.074 0.072 0.072 0.020 0.031 0.022 0.132 0.733 0.181 0.033 0.013 0.035
1966 0.238 0.089 0.094 0.099 0.028 0.032 0.038 0.128 0.670 0.192 0.045 0.022 0.064
1967 0.176 0.049 0.054 0.098 0.032 0.049 0.036 0.169 0.652 0.259 0.060 0.006 0.065
1968 0.301 0.116 0.092 0.113 0.023 0.035 0.020 0.137 0.770 0.177 0.030 0.037 0.035
1969 0.304 0.097 0.073 0.125 0.032 0.040 0.025 0.103 0.699 0.147 0.038 0.023 0.050
1970 0.097 0.055 0.088 0.049 0.026 0.024 0.053 0.183 0.605 0.302 0.072 0.017 0.081
1971 0.075 0.028 0.074 0.049 0.023 0.027 0.042 0.226 0.645 0.351 0.093 0.009 0.075
1972 0.124 0.107 0.118 0.062 0.028 0.023 0.045 0.201 0.721 0.279 0.056 0.020 0.057
1973 0.269 0.127 0.092 0.124 0.049 0.034 0.032 0.097 0.727 0.134 0.040 0.065 0.041
1974 0.251 0.096 0.087 0.146 0.051 0.049 0.028 0.109 0.700 0.155 0.044 0.043 0.032
1975 0.257 0.107 0.078 0.133 0.052 0.049 0.027 0.090 0.633 0.142 0.045 0.035 0.039
1976 0.262 0.090 0.077 0.103 0.037 0.043 0.047 0.110 0.819 0.134 0.058 0.029 0.057
1977 0.284 0.132 0.072 0.112 0.042 0.044 0.033 0.074 0.820 0.091 0.049 0.021 0.049
1978 0.222 0.117 0.098 0.080 0.029 0.035 0.042 0.131 0.819 0.160 0.061 0.021 0.053
1979 0.295 0.155 0.095 0.110 0.031 0.040 0.025 0.088 0.819 0.108 0.034 0.064 0.040
1980 0.184 0.109 0.112 0.079 0.028 0.030 0.051 0.134 0.817 0.164 0.066 0.021 0.063
Mean 0.267 0.115 0.087 0.118 0.040 0.040 0.031 0.118 0.755 0.156 0.043 0.026 0.039
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Table5.23 AnnualFlow Ratiosfor StationsintheBrazosRiverBasin
in inches/inches
Station/Station
Year 1/7 2/7 3/7 4/7 5/7 6/7 8/9 10/15 11/15 12/15 13/15 14/15
1940 0.286 0.578 0.578 - - - 1.159 0.223 0.370 0.395 0.720 0.939
1941 0.682 0.930 0.930 - - - 1.211 0.491 0.669 0.628 0.849 0.904
1942 0.894 1.143 1.143 - - - 1.189 0.317 0.703 0.710 0.922 0.980
1943 0.511 0.752 0.752 - - - 1.214 0.219 0.455 0.393 0.756 0.899
1944 0.216 0.833 0.833 - - - 1.183 0.080 0.224 0.287 0.770 0.973
1945 0.341 0.911 0.911 - - - 1.187 0.117 0.406 0.469 0.795 0.990
1946 0.290 0.740 0.740 - - - 1.200 0.163 0.349 0.346 0.686 0.959
1947 0.210 0.623 0.623 - - - 1.189 0.271 0.405 0.421 0.690 0.965
1948 0.473 0.833 0.833 - - - 1.204 0.375 0.773 0.646 0.772 0.923
1949 1.444 0.876 0.876 - - - 1.138 0.347 0.626 0.601 0.711 1.002
1950 0.910 0.834 0.834 - - - 1.176 0.373 0.578 0.524 0.619 0.962
1951 0.922 0.760 0.760 - - - 0.918 0.689 0.943 0.906 0.931 0.969
1952 1.085 0.815 0.815 - - - 1.273 0.081 0.377 0.413 0.678 0.915
1953 0.250 0.581 0.581 - - - 1.197 0.325 0.362 0.411 0.721 0.972
1954 1.436 0.495 0.495 - - - 1.090 0.904 0.952 0.934 0.862 0.948
1955 1.009 0.853 0.853 - - - 0.937 0.978 1.050 0.950 1.001 1.007
1956 2.641 1.483 1.483 - - - 1.225 0.323 0.847 0.789 0.986 1.045
1957 0.546 0.819 0.819 - - - 1.2380.465 0.714 0.683 0.895 0.955
1958 0.262 0.640 0.640 - - - 1.152 0.233 0.497 0.494 0.849 0.958
1959 0.495 0.826 0.826 - - - 1.175 0.227 0.511 0.485 0.780 0.934
1960 0.162 0.593 0.593 - - - 1.096 0.196 0.340 0.347 0.729 0.902
1961 0.227 0.833 0.833 - - - 1.193 0.176 0.412 0.430 0.717 0.878
1962 1.240 0.667 0.667 - - - 1.106 0.620 0.835 0.850 0.903 0.956
1963 1.773 0.953 0.953 0.606 - - 0.644 0.651 0.742 0.815 0.790 0.965
1964 1.074 1.212 1.212 0.612 - - 0.947 0.267 0.620 0.605 0.876 0.968
1965 0.273 0.745 0.745 0.985 - - 1.273 0.166 0.351 0.393 0.858 0.963
1966 0.406 0.686 0.686 0.919 - 1.441 1.215 0.360 0.567 0.600 0.859 0.945
1967 0.923 0.675 0.675 0.413 - 1.687 1.327 0.511 0.664 0.714 1.006 0.976
1968 0.686 0.800 0.800 1.344 - 1.049 1.250 0.166 0.441 0.463 0.749 0.967
1969 0.780 0.664 0.664 1.072 1.628 1.403 1.159 0.336 0.578 0.600 0.766 0.953
1970 0.425 0.756 0.756 1.315 1.331 1.151 1.233 0.134 0.423 0.424 0.803 0.946
1971 0.601 1.201 1.201 0.946 0.692 0.661 1.188 0.487 0.873 0.849 0.999 0.995
1972 0.339 0.656 0.656 1.160 1.364 1.309 1.159 0.461 0.612 0.587 0.759 0.839
1973 0.366 0.539 0.539 0.774 1.933 1.756 1.219 0.092 0.296 0.347 0.617 0.893
1974 0.268 0.652 0.652 1.413 1.348 1.228 1.168 0.229 0.382 0.398 0.687 0.904
1975 0.184 0.584 0.584 0.943 1.758 1.653 1.206 0.169 0.367 0.397 0.750 0.915
1976 0.172 0.525 0.525 0.966 1.919 1.699 1.289 0.136 0.311 0.348 0.743 0.944
Mean 0.670 0.786 0.786 0.962 1.497 1.367 1.188 0.282 0.500 0.508 0.786 0.944
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Table5.24 AnnualFlow Ratiosfor StationsintheSanJacintoRiverBasinin inches/inches
Station/Station
Year lIC 2/C 3/C 4/C 5/C 6/C 8/C 9/C 9/7 lO/C ll/C l2/C 13/C
1940 1.233 0.929 0.919 1.354 0.900 1.242 0.502 0.659 1.054 0.626 0.594 1.240 0.549
1941 0.828 0.859 0.860 1.013 0.810 0.960 1.398 1.342 1.053 1.275 1.525 1.639 1.480
1942 0.904 0.696 0.662 1.321 1.192 1.360 1.183 0.998 0.954 1.046 1.398 0.740 1.328
1943 0.666 0.691 0.684 0.787 0.781 0.787 2.140 1.094 0.892 1.227 2.428 0.565 2.977
1944 0.898 0.737 0.819 0.743 0.831 0.984 1.609 1.533 1.054 1.454 1.712 1.052 1.430
1945 1.007 0.878 0.916 1.038 0.809 0.993 0.986 1.211 1.011 1.198 1.093 1.441 0.904
1946 0.893 0.872 0.965 1.081 0.971 1.005 1.301 1.000 0.935 1.070 1.353 1.889 1.240
1947 0.937 0.790 0.865 1.073 1.194 1.114 0.878 1.124 0.976 1.152 1.099 0.670 1.232
1948 1.235 0.686 0.298 1.059 1.640 1.515 0.493 0.706 0.938 0.752 0.962 0.211 1.493
1949 0.668 0.658 0.935 1.212 1.753 1.227 1.370 1.067 0.940 1.134 1.494 0.973 1.744
1950 1.094 0.955 0.802 1.182 1.272 1.225 0.799 0.570 0.873 0.653 0.993 0.867 0.994
1951 0.758 0.639 0.641 1.087 1.957 2.017 0.648 0.895 0.764 1.172 1.360 0.106 1.579
1952 0.933 0.760 1.111 0.930 1.011 1.204 0.665 1.205 0.917 1.314 1.110 0.340 1.025
1953 0.950 0.719 0.962 1.060 0.980 0.772 0.773 1.252 0.988 1.267 1.105 0.670 1.452
1954 0.697 0.499 0.995 0.812 1.014 1.193 2.364 1.701 0.976 1.743 2.027 0.211 0.981
1955 1.019 0.518 0.533 1.219 0.956 1.185 0.868 1.053 0.844 1.249 1.224 0.250 1.694
1956 0.926 0.335 0.358 1.050 1.189 1.746 0.826 1.086 0.790 1.374 1.530 0.105 1.812
1957 1.137 0.520 0.631 1.200 0.725 0.866 0.768 1.145 0.947 1.209 1.235 0.770 1.968
1958 1.112 0.806 0.758 1.115 1.149 1.147 0.649 0.753 0.850 0.886 0.968 0.500 1.384
1959 0.877 0.639 0.722 0.886 0.709 0.932 1.158 1.128 0.886 1.273 1.823 0.844 2.840
1960 1.023 0.852 1.003 0.883 0.743 1.061 0.795 1.104 0.903 1.222 1.052 1.371 1.206
1961 0.808 0.844 0.811 0.893 1.100 1.034 1.539 1.222 0.891 1.372 1.531 1.286 1.424
1962 0.838 0.391 0.325 1.111 1.023 1.471 1.273 1.249 0.818 1.528 1.660 0.350 1.798
1963 0.852 0.435 0.386 1.029 0.849 1.374 1.139 1.106 0.784 1.411 1.657 0.303 2.360
1964 0.979 0.362 0.583 1.249 0.887 1.349 1.677 1.117 0.914 1.221 1.272 0.408 1.873
1965 1.350 0.482 0.686 0.605 0.457 0.808 0.819 1.231 0.895 1.375 1.077 0.394 1.476
1966 0.803 0.580 0.897 0.833 0.641 0.829 1.416 1.195 0.818 1.461 1.436 0.668 2.721
1967 0.595 0.320 0.517 0.821 0.743 1.273 1.356 1.573 0.796 1.976 1.937 0.193 2.782
1968 1.013 0.757 0.884 0.949 0.540 0.914 0.735 1.271 0.941 1.351 0.958 1.156 1.511
1969 1.026 0.631 0.697 1.046 0.743 1.041 0.956 0.959 0.854 1.123 1.233 0.714 2.123
1970 0.328 0.357 0.840 0.410 0.615 0.634 1.998 1.703 0.739 2.304 2.318 0.527 3.467
1971 0.252 0.182 0.708 0.412 0.535 0.702 1.584 2.106 0.788 2.673 2.992 0.268 3.206
1972 0.419 0.695 1.129 0.519 0.659 0.603 1.692 1.875 0.881 2.129 1.805 0.626 2.409
1973 0.906 0.829 0.881 1.044 1.151 0.885 1.203 0.904 0.888 1.018 1.281 2.014 1.734
1974 0.847 0.626 0.831 1.226 1.186 1.274 1.048 1.012 0.855 1.183 1.421 1.331 1.354
1975 0.868 0.696 0.750 1.120 1.223 1.275 1.012 0.835 0.774 1.079 1.451 1.075 1.642
1976 0.884 0.583 0.735 0.865 0.868 1.110 1.749 1.020 1.001 1.019 1.865 0.884 2.410
1977 0.956 0.859 0.686 0.944 0.973 1.132 1.225 0.693 1.002 0.692 1.567 0.640 2.100
1978 0.749 0.764 0.939 0.675 0.679 0.897 1.575 1.219 1.000 1.219 1.955 0.652 2.245
1979 0.995 1.010 0.912 0.924 0.726 1.040 0.950 0.820 1.000 0.820 1.082 1.976 1.697
1980 0.620 0.713 1.073 0.664 0.663 0.783 1.928 1.246 0.999 1.247 2.136 0.643 2.686
Mean 0.900 0.746 0.836 0.989 0.928 1.042 1.177 1.095 0.922 1.188 1.392 0.814 1.677
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Table5.25 DrainageAreaandFlow Ratiosfor StationsintheBrazosRiverBasin
DrainageDrainage Mean Flow Mean Flow
Station Stream Area Area Flow (ac-ft/yr) Flow (inches/yr)
(mile2) Ratio (ac-ft/yr) Ratio (inches/yr) Ratio
1 LeonRiver 1,261 0.178 114,812 0.086 1.71 0.484
2 LeonRiver 3,542 0.501 518,327 0.390 2.74 0.776
3 LampasasRiver 1,240 0.176 210201 0.158 3.18 0.901
4 LampasasRiver 1,321 0.187 261,249 0.197 3.71 1.050
5 SanGabrielRiver 248 0.035 69,573 0.052 5.26 1.490
6 SanGabrielRiver 738 0.104 189,608 0.143 4.82 1.365
7 LittleRiver 7,065 - 1,328,563 - 3.53
8 NavasotaRiver 968 0.666 319,479 0.817 6.19 1.228
9 NavasotaRiver 1,454 - 390,989 - 5.04
Table5.26 Ratiosof StationVersusCombinedAreasandFlows
for theStationsintheSanJacintoRiverBasin
DrainageDrainage Mean Flow Mean Flow
Station Stream Area Area Flow (ac-ft/yr) Flow (inches/yr)
(mile2) Ratio (ac-ft/yr) Ratio (inches/yr) Ratio
1 WF SanJacinto 809 0.297 370,000 0.267 8.6 0.90
2 SpringCreek 419 0.154 158,000 0.115 7.1 0.75
3 CypressCreek 285 0.105 121,000 0.0870 8.0 0.84
4 EF SanJacinto 325 0.119 163,000 0.118 9.4 0.99
5 PeachCreek 117 0.0429 55,200 0.0398 8.8 0.93
6 CaneyCreek 105 0.0385 55,600 0.0401 9.9 1.04
8 GreensBayou 72.7 0.0267 43,500 0.0314 11.2 1.18
9 BuffaloBayou 293 0.107 163,000 0.118 10.4 1.10
10 BuffaloBayou 358 0.131 216,000 0.156 11.3 1.19
11 WhiteBayou 84.7 0.0310 59,900 0.0432 13.3 1.40
12 BraysBayou 88.4 0.0324 88,100 0.0260 18.7 0.81
13 SimsBayou 64.0 0.0235 54,500 0.0393 16.0 1.68





Station Stream Area Area (ac-ftlyr) (inches/yr)
mile2 Ratio Ratio Ratio
A SouthSulphur 541 0.392 320,670 0.337 11.1 0.860
B NorthSulphur 311 0.225 175,270 0.184 10.6 0.822
C Sulphur 1,380 - 952,520 - 12.9
D WhiteOakCreek 546 0.192 387,050 0.195 13.3 1.015
E Sulphur 2,850 - 1,983,620- 13.1
Table5.28ComparisonofFlowRatiosandDrainageAreaRatios
BrazosRiverBasinStations SanJacintoBasinStations
D. Area Flow DAR/FR D. Area Flow DAR/FR
Station Ratio Ratio Percent Station Ratio Ratio Percent
1/7 0.178 0.086 206.54 lIC 0.297 0.267 111.2
2/7 0.501 0.390 128.50 2/C 0.154 0.105 133.9
3/7 0.176 0.158 110.93 3/C 0.104 0.087 120.7
4/7 0.187 0.197 95.09 4/C 0.119 0.118 100.8
5/7 0.035 0.052 67.03 5/C 0.043 0.040 107.8
6/7 0.104 0.143 73.19 6/C 0.038 0.040 96.0
1/2 0.356 0.222 160.72 8/C 0.027 0.031 85.0
3/4 0.939 0.805 116.66 9/C 0.107 0.118 90.7
5/6 0.336 0.367 91.58 101C 0.131 0.156 84.0
8/9 0.666 0.817 81.48 11/C 0.031 0.043 71.8
10I 15 0.529 0.135 393.05 121C 0.032 0.026 124.6
11I 15 0.605 0.274 220.65 13IC 0.023 0.039 59.8
12I 15 0.657 0.302 217.49 9110 0.818 0.755 108.3
13I 15 0.878 0.626 140.26
14I 15 0.975 0.835 116.78 SulphurRiverBasin
10I 11 0.874 0.491 178.13 D. Area Flow DAR/FR
11I 12 0.921 0.908 101.45 Station Ratio Ratio Percent
12I 13 0.748 0.483 155.07
13I 14 0.901 0.750 120.10 AlC 0.392 0.337 116.32
7113 0.179 0.332 53.92 B/C 0.225 0.184 122.28
9114 0.033 0.073 45.29 DIE 0.192 0.195 98.46
BIA 0.575 0.545 105.50
CHAPTER 6
COMPARATIVE EVALUATION OF
ALTERNATIVE APPROACHES FOR DISTRIBUTING FLOWS
Chapter6 is acomparativeevaluationof alternativemethodsoutlinedinChapter4 based
onusingthenaturalizedflowsatthestationsintheBrazos,SanJacinto,andSulphurRiverBasins
describedin Chapter5. Chapter6 beginswitha descriptionof theflowdistributionmethods
testedandtheestimationof valuesfor theparametersincorporatedin thesemethods.Next,
relationshipsareexaminedbetweentheflowregressioncoefficientscomputedin Chapter5 and
combinationsoftheratiosofdrainageareas,meanprecipitation,andcurvenumbersrepresenting












2. distributionof flows in proportionto drainagearea,CN, andmeanprecipitation
(Equations6-1,6-4,and6-5)








The first andsecondapproachesli tedaboveinvolvemultiplyingflowsby ratiosof
watershedparameters.Naturalizedmonthlystreamflowsaretransposedfromagagedsitetoan
ungagedsitebythefollowingsimplelinearelationdiscussedinpreviouschapters:
Qungaged= C Qgage (6-1)
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whereC isaconstant.ThegeneralstrategyofusingEquation6-1forcomputingflowsrequires
thatthe coefficientC be estimatedfrom characteristicsof boththe gagedand ungaged







If theexponentN isdeterminedtobeone,theexpressionforC isasfollows:
(6-3)
Alternatively,ratiosforotherwatershedparametercouldalsobeused.C maybeexpressedasa
































)Agage M gage CN gage Othergage
(6-5)
NRCS CurveNumber(CN)MethodAdaptation
The NaturalResourceConservationService(NRCS) curvenumber(CN) method
adaptationis advantageousovertheparameterratioapproach(Equations6.1and6.4)fromthe
perspectiveof providinga moreconceptualrelationshipfor incorporatingtheCN andmean
precipitation.Theconceptof distributingflowsin directproportionto drainageareais also
explicitlyinherentintheNRCSCN method.If theCN andmeanprecipitationareassumedtobe
identicalfor bothwatersheds,theNRCS CN methodadaptationpredictsidenticallythesame
flowsasthedrainagearearatiomethod.
TheNRCS CN methodis awidelyappliedapproachforpredictingtherunoffvolumeto
resultfroma specifiedprecipitationvolume.Thegeneralmethodologyis modifiedherefor
transferringflowsfromonelocationtoanother.Thus,themethodisbeingadaptedtoadifferent
typeof applicationthanthatfor whichit wasoriginallydeveloped.Theprocedurehasbeen












Q =0 if P < 0.2S









StepJ: Theflow at thegage,in acre-feet/month,is dividedbythedrainageareaAgagcand
multipliedbyaunitconversionfactortoconverttoanequivalentdepthQgageininches.




Step3: Theprecipitationdepthis adjustedbymultiplyingPgagebytheratioof thelong-term
meanprecipitationdepthMungagcdof thesubwatershedto thatof thewatershedMgagcdto
obtain a P ungagcd.
(
Mungaged
JadjustedPungaged= Pgage M gage
(6-7)
Step4: Pungagcdis inputintotheEquation6-6 to obtainQungagcdin inches. Qungagedin inchesis





During 1998-1999,the Centerfor Researchin WaterResources(CRWR) at the












delineatewatersheds.TheGIS usesa griddatabaseof curvenumbers(CN) developedbythe
BlacklandResearchCenteroftheTexasAgriculturalExperimentS ation(TAES) in conjunction
withthenationwideHydrologicUnitModelingoftheUnitedStates(HUMUS)projectsponsored
by theUSDA NaturalResourceConservationService(NRCS). The grid of meanannual










drainageareaspublishedbytheUSGS in thegagingstationinformationwereadoptedfor the
stationsin theBrazosandSanJacintoBasins.Themeanannualprecipitationvaluesfor the
BrazosandSanJacintowatershedswereestimatedftoma meanannualprecipitationmapfor
Texaspublishedby theTexasWaterDevelopmentBoard(1984). Estimationof CNs for
subwatershedsin theBrazosandSanJacintoBasinsarediscussedin thefollowingparagraphs.
Thedrainagearea,meanprecipitation,andCN dataforthestationsin theSulphurBasinwere








all stationsexceptstation9, sincethestation9 drainageareais includedin thestation10area.















1 1,261 81.6 27.1
2 3,542 79.2 30.0
3 1,240 80.1 28.5
4 1,321 78.5 32.3
5 248 82.8 31.7
6 738 82.8 31.5
7 7,065 79.7 30.1
8 968 83.3 37.7
9 1,454 83.3 39.0
10 23,811
11 27,244
12 29,573 - 25
13 39,515 - 27
14 43,880
15 45,007 - 28
Table 6.2 WatershedParametersfor the Stations










---- - -- - -
1 809 66.5 42.9
2 419 70.8 42.7
3 285 82.8 43.0
4 325 64.8 45.0
5 117 64.7 45.0
6 105 62.7 44.5
8 72.7 84.5 44.8
9 293 83.6 43.1
10 358 83.4 43.2
11 84.7 88.1 45.0
12 88.4 88.9 45.5
13 64.0 86.3 45.5
Combined 2,728 73.0 43.6
A 541 64.4 42.7
B 311 70.0 43.2
C 1,382 69.5 43.4
D 546 70.8 44.1




Station CN LandUse SoilType
1 81.6 20%Crops,80%Pasture 60%C,40%D
2 79.2 10%Crops,40%Pasture,50% 50%C,50%D
MilitaryReserve(Brush,
Meadow)
3 80.1 15%Crops,65%Pasture,25% 60%C,40%D
Brush
4 78.5 15%Crops,65%Pasture,25% 15%B,40%C,45%D
Brush
5 82.8 20%Crops,80%Pasture 35%C,65%D
6 82.8 20%Crops,80%Pasture 65%D,35%C
7 79.7 15%Crops,65%Pasture,10% 50%C,50%C
8 83.3 20%Crops,80%Pasture 20%Crops,80%Pasture





Station CN LandUse SoilType
1 66.5 60%woods;8%crops; 15%A; 50%B
32%pasture 35%D
2 70.8 40%woods;12%crops 10%A; 35%B
48%pasture 35%C;20%D
3 82.8 20%residential;8%crops 50%C
32%pasture 50%D
4 64.8 100%woods 75%B; 25%D
5 64.7 90%woods;2%crops 75%B; 15%C
8%pasture 10%D
6 62.7 90%forest;2%crops 10%A; 65%B
8%pasture 10%C; 15%D
8 84.5 40%residential;12%crops 20%C
48%pasture 80%D
9 83.6 10%residential;18%crops 15%C
72%pasture 85%D
10 83.4 20%residential;5%commercial 50%C
15%crops;60%pasture 50%D
11 88.1 70%residential;10%commercial 15%C
4%crops;16%pasture 85%D
12 88.9 75%residential;10%commercial 100%D
3%crops;12%pasture















consideredto not bewarranted.Thus,theadjustedCN'sweredeterminedusinga slightly
differentsetofprecipitationvaluesthanshowninthereport.
In theBrazosBasin,giventheCN for thewatershedabovetheCamerongageonthe
















fortheCN andtheadjustedCN valuesaretabulatedin Tables6.6and6.7. Theresultsof flow























































mustbe estimatedtromwatershedparameters.The knownnaturalizedflowsat thegaging
stationsa databaseto examinetherelationshipsforC reflectedinEquations6-2,6-3,6-4,and












from estimatesof watershedparameterratiosandtheC determinedfromregressionof known
flows.
In applyingEquations6-1through6-5,theflowatanungagedlocationis assumedtobe




adoptedin Chapter5 to relateknownflowsatdifferentstations.In thefollowingpresentation,







of parametervaluesfor thewatershedsof locationsi and}.For thestationsin theSanJacinto
Basin,thisrelationshipisalsoexpressedas:
Qstation=CQcombined








wheretheratiosof drainageareaRA,curvenumberReN,andmeanprecipitationRM for two
locationsi andj aredefinedasfollows.
RA = drainageareaforwatershedj ividedbydrainageareaforwatershedi
RcN= curvenumberforwatershedj ividedbycurvenumberforwatershedi
~ = meanprecipitationforwatershedj dividedbymeanprecipitationfor watershedi
99








RMexponentsN2 andN3. TheN2 andN3 areprobablynotconstantsat all butrathervary







ratiosprovide stimatesforC inEquations6-1through6-5whichareequivalentto theslopem
determined£Tomthelinearegressionanalysisof knownflowsin Chapter5. Tables6.11- 6.13
providesomemeasureof theextento whichtheestimatesfor C providedby thealternative
combinationsof parameterratiosapproximatehemrepresentingtheknownflows. Thecurve
numbersandmeanprecipitationaresimilarforthedifferentwatershedsa indicatedbytheratios
RcNand~ beingcloseto 1.0. Thus,drainagearearepresentshegreatestdifferencein
watershedcharacteristicsbetweenpairsofstations.Thus,Tables6.11- 6.13maybeviewed£Tom
thefollowingperspectives.




. Thiscomparisonalsoprovidesa measureof thevalidityof Equations6-1 and6-5. The
productsRARcNandRARcN~shouldprovideacloserapproximationfmthanisprovidedby











1vs.7 0.085 0.178 1.024 0.900 1.430 -31.488 7.290
2vs.7 0.418 0.501 0.994 0.997 1.263 28.890 52.748
3vs.7 0.173 0.176 1.005 0.947 1.008 -2.881 0.356
4vs.7 0.213 0.187 0.985 1.073 0.922 -8.589 2.062
5vs.7 0.052 0.035 1.039 1.053 0.883 10.298 6.851
6vs.7 0.137 0.104 1.039 1.047 0.890 7.107 6.126
8vs.9 0.826 0.666 1.000 0.967 0.470 - -6.362
1vs.2 0.218 0.356 1.030 0.903 1.475 -16.430 5.118
2vs.3 0.734 0.939 1.020 0.882 4.887 -12.190 2.126
3vs.4 0.362 0.336 1.000 1.006 0.932 - 11.756
Table6.9 ExponentsforWatershedParameterRatios
for StationVersusCombinedFlowsfor theStationsintheSanJacintoRiverBasin
Regression Ratios ExponentN for
Station Slopem RA RcN (RA)N (RARrn)N(RARrn) RA<RcN)NRARrn(M)NN
1 0.2839 0.2966 0.911 0.984 1.036 0.962 0.950 0.467 -3.055
2 0.1311 0.1536 0.969 0.979 1.085 1.067 1.055 5.10 6.084
3 0.0966 0.1045 1.134 0.986 1.035 1.096 1.181 -0.625 26.793
4 0.1271 0.1191 0.887 1.032 0.970 0.918 0.931 -0.538 5.851
5 0.0380 0.0429 0.886 1.032 1.038 1.000 1.010 1.003 -0.008
6 0.0380 0.0385 0.858 1.021 1.004 0.959 0.965 0.0842 6.856
8 0.0301 0.0267 1.157 1.028 0.966 1.007 1.015 0.835 -0.956
9 0.1068 0.1074 1.145 0.989 1.003 1.067 1.061 -0.0423 12.225
10 0.1355 0.1312 1.143 0.991 0.984 1.053 1.048 0.240 11.003
11 0.0376 0.0311 1.207 1.032 0.945 0.999 1.009 1.017 0.053
12 0.0495 0.0324 1.217 1.032 0.876 0.930 0.939 2.178 7.196





Station Slonem RA RcN
4-5 0.287 0.360 0.999 1.000 1.221 365
5-6 0.758 0.897 0.968 0.989 2.560 5.25 12.158
6-1 6.744 7.705 1.061 0.964 0.935 -2.25 5.255
1-2 0.4345 0.518 1.065 0.995 1.267 -2.81 50.892
2-3 0.688 0.680 1.170 1.007 0.970 0.0747 -14.133
3-8 0.249 0.255 1.020 1.042 1.018 -1.20 -1.064
8-11 1.016 1.165 0.982 1.004 0.104 7.61 -26.644
11-10 3.049 4.227 1.004 0.960 0.773 -90.7 8.100
9-10 1.266 1.222 0.998 0.998 1.176 -17.669 -706.034
10-12 0.290 0.247 1.065 1.042 0.885 2.549 -23.955




Station Slonem RA RcN RARcN RARcN
1vs.7 0.085 0.178 1.024 0.900 0.182 0.164
2vs.7 0.418 0.501 0.994 0.997 0.498 0.496
3vs.7 0.173 0.176 1.005 0.947 0.176 0.167
4vs.7 0.213 0.187 0.985 1.073 0.184 0.198
5vs.7 0.052 0.035 1.039 1.053 0.036 0.038
6vs.7 0.137 0.104 1.039 1.047 0.109 0.113
8vs.9 0.826 0.666 1.000 0.967 0.666 0.643
1vs.2 0.218 0.356 1.030 0.903 0.367 0.331
2vs.3 0.734 0.939 1.020 0.882 0.958 0.845
3vs.4 0.362 0.336 1.000 1.006 0.334 0.338
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Table6.12 Comparisonof WatershedParameterRatiosandFlow RegressionCoefficients
for StationVersusCombinedFlow intheSanJacintoRiverBasin
Regression Ratios
Station Slopem RA RcN 144 RARcN RARrn
1 0.2839 0.2966 0.911 0.984 0.270 0.266
2 0.1311 0.1536 0.969 0.979 0.149 0.146
3 0.0966 0.1045 1.134 0.986 0.119 0.138
4 0.1271 0.1191 0.887 1.032 0.106 0.109
5 0.0380 0.0429 0.886 1.032 0.038 0.039
6 0.0380 0.0385 0.858 1.021 0.033 0.034
8 0.0301 0.0267 1.157 1.028 0.031 0.032
9 0.1068 0.1074 1.145 0.989 0.123 0.122
10 0.1355 0.1312 1.143 0.991 0.150 0.149
11 0.0376 0.0311 1.207 1.032 0.038 0.039
12 0.0495 0.0324 1.217 1.032 0.0278 0.041




Station Slopem RcN 144 RARcN RARrn
4-5 0.287 0.360 0.999 1.000 0.368 0.360
5-6 0.758 0.897 0.968 0.989 0.868 0.859
6-1 6.744 7.705 1.061 0.964 8.175 7.881
1-2 0.4345 0.518 1.064 0.995 0.551 0.549
2-3 0.688 0.680 1.170 1.007 0.780 0.765
3-8 0.249 0.255 1.020 1.042 0.260 0.271
8-11 1.016 1.165 0.982 1.004 1.144 1.149
11-10 3.049 4.227 1.004 0.960 4.244 4.074
9-10 1.266 0.247 0.998 0.998 0.247 0.246
10-12 0.290 0.724 1.065 1.042 0.771 0.803
12-13 0.662 1.222 0.971 1.011 1.187 1.200
SoilandWaterAssessmentTool(SWAT) Analvses
SWATDescription
BackgroundinformationregardingtheSoil andWaterAssessmentTool (SWAT) is
providedinChapter2. SWATcomputessequencesofdailystreamflowstoresultromspecified
precipitationi putby simulatingthehydrologicprocessesthatoccurin thewatershedand
subsurface(Arnoldetal.1996;http://brcsunO.tamu.edu/swatfmdex.html).A detai edailywater
balanceaccountsfor subsurface/surfacewaterinteractionsa wellassurfacerunoff. SWAT is
moresophisticatedwithgreaterinputdatarequirementsthanthepreviousmethods.However,
thelevelof sophisticationandeffortrequiredcanbecontrolledto significantdegreeby the
optionalfeatureselectedby themodeluser. SWAT alsoincludesextensiveoptionalwater
qualitymodelingcapabilitiesthatarenotpertinenttowateravailabilitymodeling.Theseoptions
aresimplynotusedif notneeded.SWAT interactswithGIS databasesthatfacilitatestimation
ofvaluesforthemodelparameters.




zone. Thedownwardflowrateis governedbythehydrauliconductivityof thesoil. Upward













































stations. The followingprocedurewas adoptedfor applyingSWAT to distributeknown









Therequiredweatherdataandwatershedparametersrequiredfor inputto SWAT were
acquiredthroughtheSWAT/GRASSInterface.DevelopingGIS delineationsof thewatersheds





















TheresultsoftheSWAT simulationaresummarizedinFiguresAI-A36 of AppendixA,
Tables6.14and6.15,andothertablespresentedin thenextsectioncomparingthealternative






























































































1 30,850 31,050 34,200 48,000 33,700
2 13,240 13,380 17,700 20,900 14,800
3 10,090 10,560 12,100 16,200 11,800
4 13,610 13,220 13,700 15,200 10,500
5 4,600 4,490 4,940 4,800 3,390
6 4,630 4,740 4,430 6,590 4,640
7 3,620 3,980 3,060 4,820 3,780
9 13,590 14,370 12,300 22,200 16,240
10 18,010 19,800 15,100 28,800 21,200
11 5,000 5,490 3,570 8,200 6,400
12 7,350 9,050 3,730 3,140 2,320
13 4,550 5,370 2,710 4,350 3,200
Themeansofthe1960-1980flowscomputeddirectlywiththeuncalibratedSWAT model,
in step1,andthemeansofthe1940-1980flowscomputedwiththeregressionequationsapplied



















All of themethods,includingSWAT,areappliedto allof thestationsintheSanJacinto
RiverBasin.All ofthemethods,exceptSWAT,areappliedtothestationsintheLittleRiverand
NavasotaRiverwatershedsof theBrazosRiverBasin. Onlythedrainagearearatiomethodis




6.1,6.2,and6.3. FlowsarepredictedusingtheNRCS CN methodadaptationwiththetwo










flowsatthestationlocated ownstream.All of thealternativemethodsexceptSWAT are
usedtotransposeflows.






is distributedto eachof the12individualstations.All of thealternativemethodsincluding
SWAT areused. Stations9 and10onBuffaloBayouaretheonlystationson thesame
tributary;station9flowsarepredictedfromstation10flows.Fortheotherstations,giventhe
subwatershedflow at onestation,theflow at thestationof anadjacentsubwatershedis
predicted.All ofthealternativemethodsexceptSWATareusedtotransferflows.
. SulphurRiverBasin. Thecurvenumberanddrainagearearatiomethodsareused. For





betweenknownflowsat a stationandthosecomputedby thealternativemethodsarealso
comparedby thestandarderrorof estimate,sumof thedeviations,andsumof thepercent
deviations.






















of thealternativeflow distributionapproachesalongwithvaluesfor theknownflowsare





standarderror= L (Qcomputed- Qknown)2N-2























A-CN-MRatio- Statisticof thepredictedflowsatthestationcitedin thesecondcolumn
computedbyapplyingtheproductofdrainagearea,curvenumber,andmeanprecipitation
ratiostotheflowscitedinthefirstcolumn.
NRCS CN Original- Statisticof thepredictedflowsatthestationcitedin thesecondcolumn
computedby applyingthemodifiedNRCS CN methodto theflowscitedin thefirst
column,usingtheoriginalestimatesofCN's notedinTables6.5and6.6.
NRCS CN Adjusted- Statisticof thepredictedflowsatthestationcitedin thesecondcolumn
computedby applyingthemodifiedNRCS CN methodto theflowscitedin thefirst
column,usingtheadjustedestimatesofCN'snotedinTables6.5and6.6.




asTablesB.1- B.37ofAppendixB. Flowsassociatedwithspecifiedexceedancefr quenciesare
alsocitedinTables6.16,6.32,and6.33.Theseareknownor computedmonthlyflowvolumes
thatareequaledor exceededa specifiedpercentageof thetotalnumberof monthsduringthe






organizedsuchthatthe analysesof the flows at stations10-15,representingvery large

































Stations DrainageArea Area PercentageofKnownFlows
Ratio Mean 90% 50%,
10- 15 23,810 45,010 0.529 393% 2,120% 600%
11- 15 27,240 45,010 0.605 221% 353% 252%
12- 15 29,570 45,010 0.657 217% 279% 212%
13- 15 39,520 45,010 0.878 140% 173% 143%
14- 15 43,880 45,010 0.975 116% 120% 109%
10- 11 23,810 27,240 0.874 178% 602% 238%
11- 12 27,240 29,570 0.921 101% 126% 119%
12- 13 29,570 39,520 0.748 155% 161% 148%
13- 14 39,520 43,880 0.901 120% 144% 131%
11- 10&12 3,430 5,760 0.596 85% 88% 92%
12- 11&13 2,330 12,280 0.190 113%
13- 12&14 9,950 14,310 0.695 107% 126% 116%
14- 13&15 4,360 5,490 0.794 111% 110% 103%




percento 178percentof thecorrespondingmeansof knownflows. For example,predicting























on tributariesof theBrazosRivervaryftom0.178to 0.939,withthreedrainagearearatios







assummarystatisticsinTables6.17- 6.31andasflow-frequencytablesin AppendixB. Tables
6.32and6.33provideamoreconcisecomparativesummaryof theinformationpresentedinthe
othertables.Tables6.32and6.33includemeanflowsandtheflowsequaledor exceeded95%,
80%,and50%of themonthsof theperiod-of-analysis.Thesestatisticsof theflowspredicted
withthealternativemethodsareexpressedaspercentagesof thecorrespondingvaluesfor the
knownflows.
In general,predictionsfor individualmonthstendtobeinaccuratewithanyof theflow

































Given Flowsat Known Area A-CN-M
Flows Station Flows Ratio Ratio
7 1 9568 19708 18158 18174 9564
7 2 43194 55471 54918 52965 43329
7 3 17657 19487 18490 17712 17480
7 4 20309 20379 21920 22264 21810
7 5 7548 5695 4004 5384 5829
7 6 15729 13375 12552 16129 15672
9 8 26623 21704 26623 20845 12978
2 1 9568 15377 14297 14871 9576
4 3 17993 20443 18396 17401 17547




Given Flowsat Known Area A-CN-M
Flows Station Flows Ratio Ratio
Combined 1 30848 34199 30681 23425 30795 33710
Combined 2 13237 17733 16840 15171 13209 14841
Combined 3 10089 12090 15917 18643 13648 11843
Combined 4 13613 13702 12572 9532 10108 10505
Combined 5 4598 4940 4522 3412 4601 3386
Combined 6 4633 4433 3887 2660 4632 4636
Combined 8 3623 3063 3656 5471 3620 3778
Combined 9 13590 12321 14072 19939 13576 16238
Combined 10 18008 15084 17186 24236 17996 21166
Combined 11 4995 3570 4464 7475 4986 6398
Combined 12 7345 3731 4695 8194 7342 2322
Combined 13 4545 2706 3345 5306 4545 3201
4 5 4598 4901 4901 4877 4612
5 6 4633 4125 3950 3602 4649
6 1 30848 35699 36510 4633 30755
1 2 13237 15979 16936 19393 13128
2 3 10089 9107 10126 12824 10092
3 8 3623 2270 2734 3002 3551
8 11 4995 4221 4167 3623 4732
11 10 18008 21113 20329 4988 18219
10 9 13590 14730 4430 14822 13622
10 12 7345 13038 14460 6223 7254






































Given Flowsat Known Area A-CN-M NRCS CN
Flows Station Flows Ratio Ratio Original
7 1 11053 14783 13620 13485 9379
7 2 41482 41609 41193 40615 35616
7 3 16897 14617 13870 13545 12928
7 4 29292 25320 22040 22424 21698
7 5 7141 6054 3201 3709 3592
7 6 17311 15747 9608 10415 10359
9 8 20074 16383 10763 10589 11923
2 1 11053 14768 13731 13761 11159
4 3 27497 23544 21187 20511 20053








Given Flows at Known Area A-CN-M
Flows Station Flows Ratio Ratio
Combined 1 25745 24698 21541 20277 22964 26199
Combined 2 12334 12806 11823 11526 11272 11032
Combined 3 9138 8732 11176 9897 8067 7956
Combined 4 12449 9896 8827 8415 10005 8953
Combined 5 3842 3568 3175 3022 3550 2568
Combined 6 3581 3202 2729 2531 3298 3590
Combined 8 3285 2212 2567 2719 2365 1903
Combined 9 10057 8898 9880 10328 9264 10957
Combined 10 11472 10894 12066 12617 11689 13959
Combined 11 3688 2578 3134 3335 2936 3300
Combined 12 4531 2694 3296 3556 3436 1488
Combined 13 3367 1954 2350 2490 2369 2095
4 5 3842 4482 4482 4473 4446
5 6 3581 3446 3300 3261 3536
6 1 25745 27593 28219 3581 25045
1 2 12334 13336 14134 14419 13457
2 3 9139 8486 9435 10904 8798
3 8 3285 2056 2477 2535 2666
8 11 3688 3827 3778 3285 4290
11 10 11472 15589 15010 3692 14681
10 9 10057 9389 2822 9400 9041
10 12 4531 8306 9212 3347 3481
12 13 3367 5537 5437 3153 3113
Computed StandardDeviation(acre-feet/month)
Given Flowsat Known Area A-CN-M NRCS CN
Flows Station Flows Ratio Ratio Original
C A 19931 23337 - 20551
C B 11487 12353 - 12403
E D 43501 32726 - 33788
A B 8933 8339 - 9868
118
- -
Table6.23 StandardError for AlternativeFlow DistributionApproaches
for theBrazosBasin
Computed StandardError (acre-feet/month)
Given Flows at Known Area A-CN-M NRCS CN
Flows Station Flows Ratio Ratio Ori inal
7 1 -0- 24290 22248 22102 16407
7 2 -0- 31544 31039 29849 26237
7 3 -0- 10811 10930 10992 11335
7 4 -0- 43492 41327 41640 15963
7 5 -0- 8726 9227 9041 3619
7 6 -0- 27421 25704 10112 10229
9 8 -0- 55077 17140 17729 24439
2 1 -0- 17736 16333 16568 13565
4 3 -0- 42643 40304 39630 9635
6 5 -0- 760 9760 9764 8599
Table6.24 StandardError forAlternativeFlow DistributionApproaches
for theSanJacintoBasin
Computed StandardError (acre-feet/month
Given Flows at Known Area A-CN-M NRCS CN
Flows Station Flows Ratio Ratio Ori inal
combined 1 -0- 16351 16481 19209 16204 16513
combined 2 -0- 8744 8324 7603 7149 7495
combined 3 -0- 6004 10347 11561 5683 5949
combined 4 -0- 8338 9313 10470 8279 9407
combined 5 -0- 3399 3772 3902 3349 3596
combined 6 -0- 2486 2798 3460 2507 2646
combined 8 -0 3486 3612 4122 3405 3549
combined 9 -0- 10424 11002 13000 10401 11592
combined 10 -0- 12896 13435 15121 12702 14484
combined 11 -0- 3870 3852 4647 3526 2905
combined 12 -0- 6957 6556 5966 5656 8435
combined 13 -0- 4802 4673 4533 4304 4582
4 5 -0- 3487 3489 3477 3418
5 6 -0- 3172 3172 3297 3132
6 1 -0- 21048 21848 49327 20484
1 2 -0- 10391 11305 12954 9427
2 3 -0- 5697 5586 8220 5626
3 8 -0- 3986 3831 3771 3740
8 11 -0- 2203 2204 2444 2245
11 10 -0- 14164 13518 21721 13036
10 9 -0- 3086 15809 3127 2873
10 12 -0- 12528 14589 5515 5381





Given Flowsat Known Area A-CN-M NRCS CN
Flows Station Flows Ratio Ratio Original
C A 0 18347 - 14273
C B 0 13239 - 13366
D E 0 32711 - 31936
A B 0 11047 - 12892
Table6.26 MeanDeviationfor AlternativeFlow DistributionApproaches
for theBrazosBasin
Computed MeanDeviation(ac-ft/mon)
Given Flowsat Known Area A-CN-M NRCS CN
Flows Station Flows Ratio Ratio Original
7 1 -0- 13589 12444 12447 7762
7 2 -0- 17467 17165 16114 13401
7 3 -0- 6037 5978 5893 5976
7 4 -0- 24742 24677 24909 8262
7 5 -0- 6010 5930 6068 2234
7 6 -0- 18405 17006 5386 6057
9 8 -0- 30794 8286 8617 13125
2 1 -0- 8945 8305 8639 6353
4 3 -0- 23683 22227 21626 4784







Given Flowsat Known Area
Flows Station Flows Ratio
combined 1 -0- 9861 9572 11051 9326 9580
combined 2 -0- 5778 5357 4404 3797 4384
combined 3 -0- 3977 6585 9088 3259 4098
combined 4 -0- 4819 5044 5727 4791 5324
combined 5 -0- 1852 1823 2012 1831 1865
combined 6 -0- 1430 1572 2253 1433 1594
combined 8 -0 1753 1860 2861 1847 2143
combined 9 -0- 6066 6392 8963 6158 6933
combined 10 -0- 7672 7814 9951 7633 8581
combined 11 -0- 2273 2146 3343 2116 2709
combined 12 -0- 4215 3878 3742 3468 5159
combined 13 -0- 2490 2370 2680 2353 2317
4 5 -0- 1680 1680 1677 1697
5 6 -0- 1294 1347 1558 1253
6 1 -0- 12956 13275 26231 11310
1 2 -0- 5568 6090 7688 4859
2 3 -0- 2877 3083 4491 3010
3 8 -0- 1941 1865 1821 1848
8 11 -0- 1346 1363 1652 1147
11 10 -0- 8170 7759 13068 7319
10 9 -0- 1847 9166 1893 1539
10 12 -0- 6917 8095 3087 3130
12 13 -0- 4506 4350 1088 1040
Computed MeanDeviation(ac-ft/mon)
Given Flowsat Known Area A-CN-M NRCSCN NRCSCN
Flows Station Flows Ratio Ratio Original Adjusted
C A 0 9603 - 7746
C B 0 7023 - 7119
D E 0 17206 - 17136






Given Flowsat Known Area A-CN-M NRCSCN
Flows Station Flows Ratio Ratio Original
7 1 -0- 1337 1227 1266 238
7 2 -0- 735 727 543 148
7 3 -0- 90 81 74 80
7 4 -0- 352 965 980 67
7 5 -0- 355 125 167 133
7 6 -0- 360 602 116 105
9 8 -0- 2394 209 195 75
2 1 -0- 643 594 706 179
4 3 -0- 1465 1315 1243 43




Given Flows at Known Area A-CN-M NRCS CN
Flows Station Flows Ratio Ratio Ori inal
Combined 1 -0- 152 134 82 123 120
Combined 2 -0- 142 135 95 64 95
Combined 3 -0- 311 462 1165 157 522
Combined 4 -0- 90 84 66 88 76
Combined 5 -0- 58 55 59 55 53
Combined 6 -0- 46 46 67 46 56
Combined 8 -0 248 320 1024 391 977
Combined 9 -O- BI 170 448 167 242
Combined 10 -0- 61 76 178 83 112
Combined 11 -0- 67 83 309 123 281
Combined 12 -0- 68 74 178 144 69
Combined 13 -0- 65 74 178 130 75
4 5 -0- 41 41 41 46
5 6 -0- 25 26 36 27
6 1 -0- 165 171 69 117
1 2 -0- 73 79 125 69
2 3 -0- 170 190 256 258
3 8 -0- 95 107 146 263
8 11 -0- 46 47 51 35
11 10 -0- 64 61 69 56
10 9 -0- 53 59 56 31
10 12 -0- 125 144 64 93











Area A-CN-M NRCS CN NRCS CN



























Area Stations Area A-CN-M NRCS SWAT Stations Area A-CN-M NRCS SWAT
Ratio Ratio Ratio CN Regressed Ratio Ratio CN Regressed
LittleRiverSubbasinStations
0.178 1-7 860 793 896 - 1-7 469 432 450
0.501 2-7 522 517 378 - 2-7 205 203 179
0.176 3-7 82 78 58 - 3-7 177 168 149
0.187 4-7 23 177 178 - 4-7 38 111 112
0.035 5-7 51 137 293 - 5-7 63 89 162
0.104 6-7 39 157 328 - 6-7 42 103 184
0.356 1-2 165 154 333 - 1-2 229 212 265
0.939 3-4 277 250 211 - 3-4 265 238 213
0.336 5-6 87 87 90 - 5-6 89 89 91
NavasotaRiverStations
0.666 8-9 86 190 110 - 8-9 126 190 162
SanJacintoBasinStationVersusCombined
0.297 l-C 294 256 37 0 l-C 279 251 82 151
0.154 2-C 254 235 136 121 2-C 236 224 156 161
0.104 3-C 655 838 2491 1192 3-C 281 369 794 375
0.119 4-C 141 126 13 0 4-C 164 150 44 49
0.043 5-C 70 62 6.1 14 5-C 87 79 23 42
0.038 6-C 50 42 .47 0 6-C 74 65 9.6 44
0.027 8-C 782 907 3996 4720 8-C 205 233 747 669
0.107 9-C 313 348 1325 746 9-C 157 179 484 277
0.131 10-C 134 148 555 390 IO-C 91 103 276 185
0.031 11-C 146 177 1078 1220 11-C 98 123 486 449
0.032 12-C 67 81 541 100 12-C 49 62 264 49
0.023 13-C 76 91 480 196 13-C 69 85 299 122
SanJacintoBasinAdiacentSubwatersheds
0.360 4-5 49 49 48 - 4-5 53 53 52
0.897 5-6 71 68 46 - 5-6 85 81 61
7.705 6-1 592 604 77 - 6-1 378 387 49
0.518 1-2 86 92 167 - 1-2 84 89 163
0.680 2-3 260 289 377 - 2-3 120 134 175
0.255 3-8 107 129 300 - 3-8 65 78 123
1.165 8-11 19 18 16 - 8-11 48 47 41
4.227 11-10 92 88 11 - 11-10 92 89 22
0.247 10-12 146 162 167 - 10-12 159 176 123
0.662 12-13 193 189 65 - 12-13 237 233 100
0.816 9-10 71 71 244 - 10-9 52 52 177
SulphurRiverBasin
0.392 C-A 3800 - 100 - C-A 237 - 14
0.225 C-B 138 - 195 - C-B 152 - 166
0.192 E-D 52 - 105 - E-D 75 - 103






Stations Area A-CN-M NRCS SWAT Stations Area A-CN-M NRCS SWAT
Ratio Ratio CN Regressed Ratio Ratio CN Regressed
LittleRiverSubbasinStations
0.178 1-7 333 307 312 - 1-7 206 190 190
0.501 2-7 164 162 151 2-7 128 127 123
0.176 3-7 156 148 138 3-7 III 105 100
0.187 4-7 77 130 131 - 4-7 100 108 110
0.035 5-7 90 81 120 - 5-7 75 53 71
0.104 6-7 71 90 132 - 6-7 85 80 103
0.356 1-2 204 190 211 - 1-2 161 149 155
0.939 3-4 156 140 129 - 3-4 114 102 97
0.336 5-6 88 88 89 - 5-6 70 70 70
NavasotaRiverStations
0.666 8-9 87 140 131 - 8-9 82 100 78
SanJacintoBasinStationVersusCombined
0.297 1-C 146 133 75 132 1-C 111 100 76 109
0.154 2-C 227 219 178 185 2-C 134 127 115 112
0.104 3-C 197 263 400 210 3-C 120 160 185 117
0.119 4-C 138 128 69 78 4-C 101 92 70 77
0.043 5-C 105 97 52 68 5-C 107 98 74 74
0.038 6-C 91 81 33 87 6-C 96 84 57 100
0.027 8-C 108 131 266 181 8-C 85 101 151 104
0.107 9-C 100 117 218 143 9-C 91 104 147 119
0.131 IO-C 82 95 175 127 10-C 84 94 135 118
0.031 ll-C 65 82 199 156 ll-C 71 89 150 128
0.032 12-C 39 50 128 28 12-C 51 64 112 32
0.023 13-C 57 72 160 76 13-C 60 74 117 71
SanJacintoBasinAdiacentSubwatersheds
0.360 5-4 76 76 75 - 4-5 107 107 106
0.897 6-5 87 87 83 - 5-6 89 85 78
7.705 1-6 161 164 21 - 6-1 116 118 15
0.518 2-1 155 164 227 - 1-2 121 128 147
0.680 3-2 88 98 128 - 2-3 90 100 127
0.255 8-3 49 59 75 - 3-8 63 75 83
1.165 11-8 60 58 51 - 8-11 85 83 73
4.227 10-11 127 122 30 - 11-10 117 113 28
0.247 12-11 140 155 81 - 10-12 178 197 85
0.662 13-12 247 242 122 - 12-13 197 194 105
0.816 9-10 37 37 124 - 10-9 108 33 109
SulDhurRiverBasin
C-A 158 - 96 - C-A 125 - 99
CoB 118 - 121 - CoB 121 - 122
E-D 113 - 127 - E-D 83 - 88
A-B 94 - 158 - A-B 99 - 126
CHAPTER 7
SUMMARY AND CONCLUSIONS
This reportdocumentsaninvestigationof methodologiesfor transposingsequencesof
monthlynaturalizedstreamflowstrom gagedwatershedsto ungagedsubwatersheds.The
objectiveis to developimprovedcapabilitiesforsynthesizingflowsatnumerousungagedwater
rightssitesin conjunctionwiththeTNRCC WaterAvailabilityModelingCWAM) System.Key
watershedcharacteristicstobeincorporatedintoflowdistributionmethodologiesareinvestigated.
Alternativeapproachesfor distributingflowsareidentified,eveloped,andevaluated.Several





A reviewof thepublishedliteratureandthepracticesof agenciesandconsultingfirms
resultedinidentificationfthefollowingalternativeapproachesfordistributingflows.
. distributionofflowsinproportiontodrainagearea
. flow distributionequationwithratiosfor variouswatershedparametersincluding
drainagearea,curvenumber,andmeanprecipitation
. adaptationoftheNRCScurvenumbermethod
























Agage CN gage M gage
TheexponentNJ forthedrainageareaA ratiowasfoundtobereasonablyconstantwithavalue
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curvenumber(CN) methodis advantageousovertheparameterratio approachfromthe
perspectiveof providinga moreconceptualrelationshipfor incorporatingtheCN andmean
precipitation.Theconceptof distributingflowsin directproportionto drainageareais also
explicitlyinherentintheNRCS CN method.If theCN andmeanprecipitationareassumedtobe
identicalfor bothwatersheds,theNRCS CN methodadaptationpredictsidenticallythesame
flowsasthedrainagearearatiomethod.
Anotherapproachfor developingflowsatungagedwatershedsi to applya computer
simulationmodelthat simulatesthe processesby whichprecipitationis transformedto
streamflow.Leadinggeneralizedwatershed(precipitation-runoff)modelsincludetheU.S.
EnvironmentalProtectionAgency'sHydrologicSimulationProgram-Fortran(HSPF),Danish




The lastalternativestrategyadoptedin thestudyinvolvedapplicationof theSWAT





. Dailyflowsatallpertinentlocationsarecomputedby SWAT for inputsequencesof daily
precipitation.Dailyflowsareaggregatedtomonthlyflows.
. Least-squareslinearegressiontechniquesareappliedtotheSWAT-simulatedmonthlyflows
















Thecorrelationis dependentontheproportionof thewatershedareathatis contained
withinthesubwatershed.For themajorityof thepairsof stationsin thecasestudy,the
subwatershedstationstowhichflowsweredistributedrepresenta relativelysmallportionof the
largerwatershedof thegivenflows. In somecases,flowsweretransposedbetweenadjacent
separatewatersheds.Flows are morecloselycorrelatedin situationswherean ungaged
subwatershedcoversmostofthegagedwatershed.
Temporalandspatialvariationsinrainfallprobablyaccountformuchofthescatterinthe
monthlyflow comparisons.A particularrainfalleventwill becenteredovera portionof one
watershedwithlittlerainfallingin adjacentwatersheds.Thenextrainstormwill thenbe
concentratedinanothersubwatershed.Overthecourseofayearormany ears,thetemporalnd





. Flowpredictionsfor a specificmonthwithanyflow distributionmethodare nothighly
















































. Modelingvaliditydependsuponcapabilitiesfor accuratelyestimatingvaluesfor the
watershedparametersas wellas theflow distributionmethodologyselectedEstimating
valuesfor watershedparametersinvolvesuncertaintiesandisnotnecessarilyhighlyprecise.
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withinsomereasonablerangeof estimationaccuracy,thereis noneedto usetheNRCS CN
methodadaptation;thedrainagearearatiomethodisadequate.
The drainagearearatiomethodandNRCS CN methodadaptationcan be readily
incorporatedintotheWaterRightsAnalysisPackage(WRAP).AnArcViewbasedGIS is being















. Improvedcapabilitiesfor modelingthe interactionsbetweenstreamflowand
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Figure A.13 Predicted flows at station 1 Vs Predicted combined flows
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Figure A.14 Predicted flows at station 2 Vs Predicted combined flows
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FigureA.18Predictedflowsatstation6Vs Predictedcombinedflows
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Figure A.22 Predicted flows at station 11Vs Predicted combined flows
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Known Area A-CN-M NRCSCN
Flows Ratio Ratio Original
100 0 25 23 38 0
99 0 89 82 107 0
98 1 211 194 230 0
95 48 413 381 430 0
90 142 977 900 971 0
80 547 2564 2362 2464 139
70 938 3873 3569 3684 463
60 1525 5792 5337 5465 1105
50 2553 8509 7840 7974 2207
40 3781 11931 10993 11126 3787
30 6343 19015 17519 17628 7458
20 11206 29548 27224 27266 13494
10 20118 52891 48731 48560 28179





Known Area A-CN-M NRCSCN
Flows Ratio Ratio Original
100 0 72 71 13 0
99 0 252 249 120 0
98 1 593 587 375 16
95 223 1164 1152 842 171
90 1574 2750 2723 2225 911
80 3513 7216 7144 6300 3676
70 6132 10902 10793 9736 6229
60 9268 16304 16141 14826 10170
50 14620 23950 23711 22094 15981
40 24562 33582 33247 31311 23534
30 39425 53520 52986 50521 39650
20 63398 83167 82336 79271 64304
10 112228 148868 147382 143400 120494






Known Area A-CN-M NRCSCN
Flows Ratio Ratio Original
100 97 25 24 6 41
99 141 88 84 45 111
98 220 208 198 133 233
95 500 409 388 292 428
90 760 966 917 761 954
80 1432 2535 2405 2131 2399
70 2297 3830 3634 3284 3576
60 3593 5227 5435 4989 5291
50 5380 8414 7983 7422 7707
40 8064 11797 11194 10503 10736
30 14606 18801 17840 16920 16981
20 24963 29216 27722 26516 26230
10 48417 52297' 49623 47903 46644





Known Area A-CN-M NRCSCN
} Flows Ratio Ratio Original
100 0 68 1139 1146 1194
99 0 94 1213 1222 1270
98 575 115 1678 1692 1741
95 1477 335 2608 2635 2678
90 2319 641 3230 3265 3302
80 4034 1530 4474 4528 4548
70 4782 2726 6286 6367 6356
60 5942 4459 8522 8638 8583
50 8929 6871 11573 11738 11616
40 12298 11634 15834 16067 15843
30 18117 19684 23368 23725 23302
20 26309 33837 31452 31945 31292
10 46677 58932 48824 49615 48435







Known Area A-CN-M NRCSCN
Flows Ratio Ratio Original
100 0 154 324 800 1177
99 0 154 324 800 1177
98 114 161 345 834 1218
95 376 192 515 1100 1522
90 496 366 682 1348 1798
80 1077 679 961 1744 2231
70 1703 1124 1252 2140 2654
60 2250 1966 1766 2815 3361
50 3161 2834 2547 3802 4371
40 4237 4739 3287 4709 5280
30 7361 6862 4611 6287 6834
20 10432 10283 6067 7977 8470
10 12870 13998 9418 11754 12053





Known Area A-CN-M NRCS CN
Flows Ratio Ratio Original
100 0 200 963 2323 2303
99 0 200 963 2323 2303
98 517 255 1070 2495 2468
95 977 384 1532 3203 3148
90 1384 571 1879 3713 3635
80 2733 1157 2806 5017 4879
70 4072 2260 3677 6193 5997
60 5539 3386 5234 8215 7916
50 8244 5955 7380 10902 10456
40 11570 8267 9689 13707 13103
30 18985 13627 13711 18453 17570
20 25305 25676 18939 24453 23203
10 36826 37897 30053 36815 34781







Frequency Known Area A-CN-M NRCSCN
ercent) Flows Ratio Ratio Original
100 0 0 0 0 0
99 0 0 0 0 0
98 0 3 24 7 0
95 49 42 93 54 0
90 164 140 347 266 0
80 521 655 991 843 0
70 1127 1269 1964 1745 0
60 2138 2151 4278 3933 18
50 5436 4723 7600 7118 575
40 11259 8949 12406 11764 2243
30 21174 17782 19805 18965 6921
20 38147 27653 32125 31025 13075
10 82911 70261 59339 57819 44395





Known Area A-CN-M NRCSCN
} Flows Ratio Ratio Original
100 0 0 0 0 0
99 0 0 0 0 0
98 1 0 0 1 0
95 48 79 74 160 0
90 142 560 521 721 0
80 547 1251 1163 1452 122
70 938 2183 2030 2404 449
60 1525 3299 3068 3519 948
50 2553 5205 4839 5393 1937
40 3781 8744 8130 8821 4011
30 6343 14035 13050 13880 7405
20 11206 22570 20985 21955 13266
10 20118 39953 37147 38235 25965






Known Area A-CN-M NRCSCN
Flows Ratio Ratio Original
100 97 0 0 0 0
99 141 0 0 0 0
98 220 540 486 378 492
95 500 1387 1248 1056 1233
90 760 2178 1960 1705 1920
80 1432 3788 3409 3045 3312
70 2297 4490 4041 3634 3918
60 3593 5580 5021 4552 4856
50 5380 8384 7545 6928 7267
40 8064 11548 10392 9623 9981
30 14606 17012 15309 14301 14662
20 24963 24704 22231 20918 21241
10 48417 43830 39442 37456 37571
Max 292679 293636 264241 256020 250017




Known Area A-CN-M NRCSCN
} Flows Ratio Ratio Original
100 0 0 0 0 0
99 0 0 0 0 0
98 114 129 129 135 129
95 376 328 330 339 237
90 496 465 468 479 417
80 1077 954 960 976 696
70 1703 1561 1570 1592 1130
60 2250 1890 1901 1926 1677
50 3161 2770 2786 2817 2487
40 4237 3758 3780 3817 3524
30 7361 6379 6417 6467 4923
20 10432 9058 9112 9173 8008
10 12870 12374 12447 12520 9977







Known Area A-CN-M NRCS CN
} Flows Ratio Ratio Original
100 0 1049 575 0 720 0
99 494 1473 1318 63 1064 0
98 560 1631 1437 90 1193 0
95 831 2443 2131 305 1870 0
90 1209 3308 2962 649 2605 790
80 1887 5272 4727 1555 4304 2842
70 3284 7852 7165 3028 6571 5610
60 6179 10737 9843 4818 9134 8810
50 10734 15675 14298 8041 13564 14124
40 16397 21310 19717 12224 18661 19961
30 27499 32153 30366 20968 28548 31529
20 53334 56840 50908 38976 51277 57581
10 98744 93385 83253 69017 85219 96377





Frequency Known Area A-CN-M NRCSCN
ercent) Flows Ratio Ratio Original
100 175 544 316 98 34 0
99 278 764 724 356 96 169
98 354 846 789 401 125 239
95 498 1267 1170 678 297 602
90 761 1715 1626 1029 515 1005
80 1160 2734 2595 1813 1084 1869
70 1682 4072 3933 2942 1922 3034
60 2251 5567 5402 4221 2930 4381
50 3586 8128 7848 6401 4762 6617
40 5750 11050 10822 9110 6959 9074
30 9110 16672 16667 14545 11386 13943
20 20861 29473 27942 25271 22031 24907
10 36790 48422 45695 42514 38565 41235






Known Area A-CN-M NRCSCN
Flows Ratio Ratio Original g
100 3 371 298 1766 108 1125
99 14 521 684 2558 190 1262
98 37 577 745 2670 223 1312
95 132 864 1106 3288 404 1574
90 294 1169 1537 3965 610 1865
80 664 1864 2453 5273 1112 2488
70 1159 2776 3717 6921 1810 3328
60 1829 3796 5106 8609 2621 4299
50 2811 5542 7418 11244 4055 5912
40 4954 7534 10229 14265 5738 7684
30 7767 11367 15754 19854 9061 11195
20 16117 20095 26411 29915 16868 19102
10 31355 33015 43191 44779 28753 30878





Known Area A-CN-M NRCSCN
} Flows Ratio Ratio Original
100 265 420 236 0 371 0
99 400 590 540 12 532 0
98 520 654 589 20 593 0
95 692 979 873 92 906 0
90 874 1325 1214 217 1242 0
80 1291 2112 1937 563 2012 0
70 2022 3146 2936 1142 3030 628
60 2980 4302 4033 1855 4175 1731
50 4561 6281 5859 3153 6142 3561
40 7140 8538 8079 4852 8396 5571
30 11272 12883 12443 8427 12749 9556
20 23640 22774 20861 15841 22704 18529
10 38910 37417 34115 28284 37501 31892






Known Area A-CN-M NRCSCN
Flows Ratio Ratio Original g
100 147 151 85 0 76 0
99 267 213 194 4 121 0
98 376 236 212 6 138 0
95 505 353 314 31 230 70
90 603 478 437 75 332 164
80 878 762 697 198 574 365
70 1180 1134 1056 404 902 636
60 1561 1551 1451 658 1279 950
50 2163 2264 2107 1122 1937 1471
40 2991 3078 2906 1730 2701 2043
30 4180 4644 4475 3010 4196 3176
20 7529 8210 7502 5670 7671 5729
10 11600 13489 12269 10137 12910 9532





Known Area A-CN-M NRCSCN
} Flows Ratio Ratio Original
100 351 136 73 0 158 0
99 488 191 167 0 218 0
98 537 211 182 0 240 0
95 638 317 270 3 354 0
90 718 429 375 20 473 127
80 926 683 599 89 744 408
70 1221 1018 908 225 1097 787
60 1549 1392 1247 405 1490 1226
50 2240 2032 1811 749 2159 1954
40 3001 2762 2498 1216 2921 2754
30 4431 4168 3847 2227 4381 4339
20 7550 7368 6450 4387 7692 7908
10 11851 12105 10547 8099 12574 13224






Known Area A-CN-M NRCSCN
Flows Ratio Ratio Original g
100 0 94 69 645 209 1213
99 6 132 157 894 266 1246
98 12 146 171 929 287 1258
95 28 219 254 1119 390 1321
90 71 296 353 1325 495 1390
80 230 472 536 1717 725 1539
70 492 703 854 2203 1014 1741
60 859 962 1173 2695 1328 1973
50 1300 1404 1704 3454 1852 2359
40 1970 1909 2350 4314 2436 2783
30 3330 2880 3619 5887 3535 3623
20 5710 5091 6067 8679 5965 5515
10 10310 8364 9921 12752 9471 8333
max 39551 28351 33787 35404 30128 25540




Known Area A-CN-M NRCSCN
} Flows Ratio Ratio Original g
100 30 378 264 2056 614 1476
99 84 531 605 2927 810 1665
98 127 588 659 3050 882 1735
95 281 880 977 3723 1242 2095
90 486 1192 1359 4457 1616 2496
80 1212 1899 2168 5869 2445 3353
70 2411 2829 3286 7637 3506 4510
60 4159 3868 4514 9438 4673 5848
50 5623 5647 6558 12238 6639 8069
40 8180 7677 9043 15434 8853 10509
30 14420 11584 13927 21321 13055 15345
20 24560 20478 23349 31863 22467 26235
10 36782 33644 38184 47362 36191 42452






Known Area A-CN-M NRCSCN
Flows Ratio Ratio Original g
100 278 463 322 2162 1068 2362
99 511 650 738 3511 1357 2602
98 604 719 805 3659 1461 2691
95 807 1078 1194 4475 1978 3150
90 1231 1459 1659 5364 2505 3660
80 2568 2325 2648 7078 1650 4753
70 4175 3464 4013 9225 5093 6227
60 6151 4736 5513 11416 6657 7931
50 8450 6914 8009 14824 9262 10761
40 11542 9400 11044 18718 12161 13869
30 18642 14182 17010 25896 17606 20029
20 31789 25071 28516 38763 29637 33902
10 47623 41190 46634 57701 46963 54561





Frequency Known Area A-CN-M NRCSCN
ercent) Flows Ratio Ratio Original g
100 37 109 84 1191 453 1952
99 67 154 192 1562 547 2009
98 120 170 209 1612 580 2030
95 175 255 310 1887 741 2138
90 279 345 431 2178 902 2259
80 561 550 688 2724 1240 2517
70 1191 820 1042 3385 1654 2866
60 1810 1121 1432 4041 2092 3269
50 2530 1636 2080 5037 2806 3938
40 3590 2224 2869 6147 3586 4673
30 5481 3356 4418 8140 5020 6130
20 8371 5933 7406 11607 8111 9410
10 13100 9747 12112 16574 12460 14295







Frequency Known Area A-CN-M NRCSCN
ercent) Flows Ratio Ratio Original
100 45 114 88 1399 1312 318
99 147 161 202 1811 1483 343
98 290 178 220 1868 1542 353
95 401 267 326 2171 1821 402
90 560 361 453 2493 2086 456
80 1171 575 723 3092 2621 572
70 2161 857 1096 3814 3242 730
60 3170 1171 1506 4527 3872 911
50 4381 1710 2188 5605 4857 1213
40 6031 2325 3017 6802 5892 1544
30 8591 3508 4646 8942 7722 2201
20 11659 3201 7789 12649 11472 3680
10 16821 10187 12738 17937 16512 5883





Known Area A-CN-M NRCSCN
J Flows Ratio Ratio Original
100 68 83 63 740 615 380
99 130 117 144 993 713 416
98 204 129 157 1028 747 429
95 254 193 232 1219 910 498
90 328 262 323 1423 1067 574
80 604 417 515 1808 1392 738
70 961 621 781 2279 1776 960
60 1530 850 1073 2751 2174 1215
50 2170 1240 1559 3472 2808 1640
40 3119 1686 2150 4283 3484 2107
30 4350 2544 3311 5749 4702 3031
20 7540 4497 5550 8325 7251 5113
10 11773 7389 9076 12044 10746 8214







Known Area A-CN-M NRCSCN
) Flows Ratio Ratio Original
100 147 95 95 92 48
99 267 144 144 140 84
98 376 187 187 182 117
95 505 249 249 243 167
90 603 315 315 308 220
80 878 465 465 457 347
70 1180 728 728 718 577
60 1561 1073 1073 1060 886
50 2163 1642 1642 1626 1407
40 2991 2570 2570 2549 2274
30 4180 4058 4058 4031 3687
20 7529 8510 8510 8469 8000
10 11600 14008 14008 13954 13412





Known Area A-CN-M NRCSCN
) Flows Ratio Ratio Original
100 351 132 126 59 252
99 488 239 229 133 398
98 537 337 323 206 524
95 638 453 434 296 668
90 718 541 518 366 776
80 926 788 754 567 1071
70 1221 1058 1014 793 1387
60 1549 1400 1341 1058 1779
50 2240 1940 1858 1555 2386
40 3001 2683 2569 2212 3207
30 4431 3749 3591 3170 4365
20 7550 6754 6467 5923 7558
10 11851 10405 9964 9328 11362






Known Area A-CN-M NRCSCN
Flows Ratio Ratio Original
9100 0 2704 2766 351 1855
99 494 3760 3845 488 2696
98 560 4138 4232 537 3001
95 831 4916 5027 6389 3634
90 1209 5532 5658 718 4140
80 1887 7135 7297 926 5469
70 3284 9408 9621 1221 7378
60 6179 11935 12206 1549 9525
50 10734 17259 17651 2240 14102
40 16397 23123 23648 3001 19201
30 27499 34141 34916 4431 28888
20 53334 58173 59494 7550 50297
10 98744 91312 93386 11851 80169
max 406604 384680 393417 49926 349809




Known Area A-CN-M NRCSCN
Flows Ratio Ratio Original
100 175 0 0 0 0
99 278 256 271 494 7
98 354 290 307 560 13
95 498 430 456 831 52
90 761 626 664 1209 128
80 1160 977 1036 1887 302
70 1682 1707 1803 3130 734
60 2251 3201 3392 5156 1773
50 3586 5560 5893 8156 3581
40 5750 8494 9002 11732 5973
30 9110 14244 15097 18488 10909
20 20861 27627 29280 33583 23015
10 36790 51149 54210 59159 45285
max 150903 210621 223226 224248 205326
AppendixB 172





Frequency Known Area A-CN-M NRCSCN
ercent) Flows Ratio Ratio Original
100 3 120 134 175 279
99 14 191 213 278 385
98 37 244 271 354 459
95 132 343 381 498 595
90 294 524 582 761 832
80 664 798 887 1160 1177
70 1159 1157 1287 1682 1613
60 1829 1549 1722 2251 2077
50 2811 2467 2743 3586 3139
40 4954 3956 4399 5750 4816
30 7767 6268 6969 9110 3761
20 16117 14352 15959 20861 16018
10 31355 25312 28144 36790 27485





Frequency Known Area A-CN-M NRCSCN
ercent) Flows Ratio Ratio Original
100 0 1 1 3 93
99 6 3 4 14 116
98 12 8 10 37 146
95 28 30 36 84 226
90 71 66 80 149 329
80 230 149 180 282 521
70 492 261 314 449 745
60 859 412 496 665 1022
50 1300 632 762 973 1400
40 1970 1115 1343 1622 2168
30 3330 1748 2105 2450 3114
20 5710 3626 4368 4838 5738
10 10310 7055 8497 9076 10220







Frequency Known Area A-CN-M NRCSCN
ercent) Flows Ratio Ratio Ori2inal
100 37 0 0 0 0
99 67 7 7 6 59
98 120 14 14 12 78
95 175 33 32 28 120
90 279 83 82 71 210
80 561 268 265 230 488
70 1191 573 566 492 897
60 1810 1001 988 859 1433
50 2530 1515 1459 1300 2053
40 3590 2295 2266 1970 2964
30 5481 3879 3830 3330 4755
20 8371 6652 6567 5710 7790
10 13100 12011 11857 10310 13489





Known Area A-CN-M NRCSCN
} Flows Ratio Ratio Original
100 278 156 151 0 8
99 511 283 273 0 48
98 604 507 488 30 153
95 807 740 712 92 282
90 1231 1179 1136 255 559
80 2568 2371 2283 561 1401
70 4175 5034 4847 1191 3483
60 6151 7651 7367 1810 5648
50 8450 10694 10297 2530 8248
40 11542 15175 14611 3590 12178
30 18642 23168 22308 5481 19377
20 31789 35384 34070 8371 30661
10 47623 55374 53317 13100 49540
Max 137903 194780 187546 46080 185693
AppendixB 174




Known Area A-CN-M NRCSCN
} Flows Ratio Ratio Original
100 30 69 68 242 740
99 84 126 126 438 935
98 127 149 149 516 1004
95 281 199 199 685 1145
90 486 304 303 1038 1410
80 1212 634 632 2147 2117
70 2411 1031 1027 3476 2852
60 4159 1519 1513 5105 3672
50 5623 2086 2079 6999 4557
40 8180 2850 2839 9541 5675
30 14420 4603 4586 15372 8058
20 24560 7849 7820 26150 12116
10 36782 11758 11715 39115 16698





Known Area A-CN-M NRCS CN
} Flows Ratio Ratio Original
100 45 201 223 278 740
99 147 370 410 511 935
98 290 437 485 564 1004
95 401 584 648 670 1145
90 560 891 988 873 1410
80 1171 1859 2062 1443 2117
70 2161 3023 3353 2061 2852
60 3170 4453 4939 2771 3672
50 4381 6118 6785 3556 4557
40 6031 8356 9268 4568 5675
30 8591 13497 14970 6779 8058
20 11659 23015 25527 10656 12116
10 16821 34479 38241 15141 16698






































































Known Area A-CN-M NRCS CN
Flows Ratio Ratio Original
100 68 55 54 4 1
99 130 180 176 41 27
98 204 354 348 108 84
95 254 490 481 165 134
90 328 684 672 250 210
80 604 1431 1405 602 536
70 961 2641 2593 1212 1112
60 1530 3874 3804 1858 1731
50 2170 5354 5257 2654 2500
40 3119 7370 7237 3760 3576
30 4350 10498 10309 5507 5287
20 7540 14247 13991 7634 7380
10 11773 20555 20185 11256 10963





































































































Area A-CN-M NRCS CN
Ratio Ratio Original
77
77
85
192
407
1319
2786
4724
15116
32279
41172
66471
89172
219910
212
212
226
390
685
1809
3505
5672
16864
34837
44040
69997
93112
224808
176
-- -
TableB.37.Frequency-FlowRelationshipForStationB Flows
PredictedfromStationA FlowsintheSulphurRiverBasin
(Flowsareinacre-feet/month)
100
99
98
95
90
80
70
60
50
40
30
20
10
max
Known
Flows
o
o
o
8
41
321
722
2540
4833
9068
15475
22860
44021
179508
FlowPredictionApproach
Area A-CN-M NRCSCN
Ratio Ratio Original
o
o
o
o
o
143
573
1956
4552
8624
13986
25336
44676
149338
o
o
o
o
o
248
996
3401
7646
12949
19572
32955
54806
166700
AppendixB 177
